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ABSTRACT
The e l e c t r o n i c  s t a t e s  o f  1 - p h e n y ln a p h th a l e n e ,
1 , 2 - b e n z f l u o r e n e ,  2 , 3 - b e n z f l u o r e n e ,  3 , 4 - b e n z f l u o r e n e  
1 , 2 , 7 , 8 - d i b e n z f l u o r e n e ,  3 , 4 , 5 , ( j - d ib e n z f  l u o r e n e ,  b e n z a n th r e n e  
and 2 , 3 -b e n z b ip h e n y le n e  have  b een  e x p e r i m e n t a l l y  c h a r a c t e r i z e d .  
The a b s o r p t i o n ,  f l u o r e s c e n c e  and p h o s p h o re s c e n c e  s p e c t r a  o f  
a l l  t h e  compounds i n  r i g i d  g l a s s y  s o l u t i o n s  a t  77°K a r e  shown. 
The e x p e r i m e n t a l  s p e c t r a  o f  t h e s e  co m p o s i te  m o le c u le s  d i s p l a y  
a b s o r p t i v e  t r a n s i t i o n s  w h ich  can  be i n t e r p r e t e d  t o  c o r re s p o n d  
t o  b o th  s u b m o le c u la r  and m o l e c u la r  ch ro m o p h o res .
SCFMO c a l c u l a t i o n s  o f  th e  P a r i s e r ,  P a r r  and P o p le  
ty p e  i n c l u d i n g  c o n f i g u r a t i o n  i n t e r a c t i o n  w ere  a p p l i e d  to  
1 - p h e n y ln a p h th a l e n e  a t  r i n g  a n g l e s  o f  90 , 55, 45 , and 0 d e g r e e s  
and t o  2 , 3 -b e n z b ip h e n y le n e .  The 2 , 3 - b e n z b ip h e n y le n e  c a l c u l a t i o n  
i n d i c a t e s  t h a t  t h e  m o le c u le  i s  f u l l y  a r o m a t i c .  F i l l e d  and 
u n f i l l e d  m o le c u la r  o r b i t a l s  a r e  d e l o c a l i z e d  o v e r  th e  m o le c u le  
and a l l  a b s o r p t i v e  t r a n s i t i o n s  a r e  c h a r a c t e r i s t i c  o f  th e  w hole 
m o le c u le .  B oth  su b m o le cu le  and w hole  m o le c u le  t r a n s i t i o n s  a r e  
p r e d i c t e d  i n  t h e  c a s e  o f  1 - p h e n y ln a p h th a l e n e .
I n  c o n j u n c t i o n  w i t h  t h e  SCFMO c a l c u l a t i o n  a h y d ro g en  
r e p u l s i o n  c a l c u l a t i o n  was c a r r i e d  o u t .  P o t e n t i a l  w e l l s  w ere
x
1 1g e n e r a t e d  f o r  t h e  g round and th e  Lg and e x c i t e d  s t a t e s .
The r e s u l t s  o f  th e  c a l c u l a t i o n s  w ere  compared w i th  th e  
e x p e r i m e n t a l  o b s e r v a t i o n s  made on 1 - p h e n y ln a p h th a l e n e .
W i th  th e  a i d  o f  tt*e z e ro  d e g re e  c a l c u l a t i o n  f o r
1 - p h e n y ln a p h th a l e n e  a l l  t h e  a b s o r p t i v e  t r a n s i t i o n s  o f  th e  
b e n z -  and d i b e n z f l u o r e n e  m o le c u le s  w ere  a s s i g n e d .  These 
m o le c u le s  d i s p l a y  b o th  w h o le  m o le c u le  and su b m o le c u le  t r a n s i t i o n s .
CHAPTER I
INTRODUCTION AND THEORETICAL CONSIDERATIONS 
I n t r o d u c t i o n
The e l e c t r o n i c  s t a t e s  o f  c o m p o s i te  m o le c u le s  have 
been  a  s u b j e c t  o f  s tu d y  by w o rk e r s  i n  t h i s  r e s e a r c h  group  f o r  
s e v e r a l  y e a r s .  The d e f i n i t i o n  o f  a c o m p o s i te  m o le c u le  h a s  
v a r i e d  s l i g h t l y  f ro m  w o rk er  t o  w o rk e r .  The m ost g e n e r a l  
d e f i n i t i o n  o f  c o m p o s i te  m o le c u le s  i s  t h e  th e  one t h a t  w i l l  be 
em ployed  in  t h i s  w o rk ;  c o m p o s i te  m o le c u le s  a re  d e f i n e d  a s  
m o le c u le s  w hich a r e  composed o f  two o r  more a r o m a t i c  su b sy s te m s  
w h ic h  i n t e r a c t  s u f f i c i e n t l y  t o  p e r t u r b  t h e  e l e c t r o n i c  e n e rg y  
s t a t e s  o f  two o r  more o f  t h e  s u b s y s te m s .  T h is  g ro u p  o f  m o le c u le s  
can i n  th e  most g e n e r a l  t e r m s  be d i v i d e d  i n t o  two s u b g ro u p s :  
th e  r i g i d  s y s te m s  o f  f i x e d  g eom etry  i n c l u d i n g  f l u o r a n t h e n e ,  
th e  b e n z f l u o r a n t h e n e s ,  t h e  b i p h e n y l e n e s ,  and th e  f l u o r e n e s ;  
and t h e  n o n - r i g i d  system s o f  v a r i a b l e  geom etry  i n c l u d i n g  th e  
b i p h e n y l s ,  th e  p h e n y l n a p h th a l e n e s ,  t h e  b i n a p h t h y l s ,  th e  d i a r y l  
a l k a n e s ,  e t c .  A l th o u g h  t h i s  g ro u p in g  i s  g e o m e t r i c a l l y  sound 
and c e r t a i n  m o l e c u l a r  s p e c t r a l  c h a r a c t e r i s t i c s  con fo rm  t o  t h e  
s u b d i v i s i o n s ,  t h e  g ro u p in g  does  n o t  s e r v e  as  an  a i d  in  i n t e r ­
p r e t a t i o n s  o f  t h e  e l e c t r o n i c  s t a t e s  in v o lv e d .
1
2
G e n e r a l l y  c o m p o s i te  m o le c u le s  w i l l  be c h a r a c t e r i z e d  
by t h e  amount o f  i n t r a m o l e c u l a r  i n t e r a c t i o n  b e tw een  th e  e l e c t r o n i c  
s t a t e s  o f  th e  a r o m a t i c  s u b s y s te m s .  The e x t e n t  o f  i n t e r a c t i o n  
may v a r y ' f r o m  e s s e n t i a l l y  no i n t e r a c t i o n  t o  i n t e r a c t i o n  so 
e x t e n s i v e  t h a t  t h e  s u b sy s te m s  l o s e  t h e i r  i n d i v i d u a l  i d e n t i t i e s  
and t h e  w hole  a r o m a t i c  m o le c u la r  s p e c i e s  m ust be c o n s id e r e d  
t o  be th e  ch rom o p h o re .  Exam ples o f  th e  f i r s t  k in d  a r e  num erous . 
D i a r y l  a l k a n e s ,  i n  g e n e r a l ,  e x h i b i t  a b s o r p t i o n  s p e c t r a  w h ich  
a r e  c h a r a c t e r i s t i c  o f  t h e  s u p e r p o s i t i o n  o f  t h e  a b s o r p t i o n  s p e c t r a  
o f  t h e  s u b m o le c u la r  s p e c i e s .  U s u a l l y  th r o u g h  t w i s t i n g  o f  t h e  
a lk a n e  c h a i n  t h e  s u b m o le c u le s  a r e  s u f f i c i e n t l y  c l o s e  t o  eac h  
o t h e r  t h a t  i n t r a m o l e c u l a r  e n e rg y  t r a n s f e r  t a k e s  p l a c e  and 
lu m in e s c e n c e s  f rom  t h e s e  m o le c u le s  a r e  c h a r a c t e r i s t i c  o f  th e  
su b m o le c u le  w i t h  t h e  lo w e s t  e n e r g y  e x c i t e d  s i n g l e t  and t r i p l e t  
s t a t e s .  K e l l e r  and Dolby'*' have  r e c e n t l y  s t u d i e d  th e  m o le c u le s
3 - ( a - n a p h t h y l ) - 5 a - a n d r o s t a n ~ 1 7 ^ ~ o l  1 7 p -b e n z o y lb e n z o a te  and
3-  ( o - n a p h t h y l )  -  5 o r-and ros tan -17 |3wo l  17- ( 9 - c a r b a z o l e )  a c e t a t e .
They r e p o r t  t h a t ,  i n  s u f f i c i e n t l y  d i l u t e  s o l u t i o n s ,  e m is s i o n  
can  be o b ta in e d  from  b o t h  th e  c a r b a z o le  and n a p h t h a l e n e  o r  
b enzophenone  and n a p h th a le n e  c h ro m o p h o re s .  I n  t h e s e  c a s e s  
th e  s u b m o le c u la r  c h ro m o p h o re s ,  i n  a d d i t i o n  t o  b e in g  i n s u l a t e d  
from  e a c h  o t h e r ,  a r e  r i g i d l y  h e l d  a t  d i s t a n c e s  f a r  enough  from
I
R ic h a rd  A. K e l l e r  and  Lloyd J .  D o lby , J ._ Am. Chem. S o c . , 
8 9 ,  2768 ( 1 9 6 7 ) .
3eac h  o t h e r  so t h a t  th e  e m is s io n  r a t e s  s u c c e s s f u l l y  compete w i th
th e  r a t e  o f  i n t r a m o l e c u l a r  e n e rg y  t r a n s f e r .  In  a d d i t i o n  to
th e s e  s o p h i s t i c a t e d  m o le c u le s ,  s im p le r  m o le c u le s  such  a s
9 , 1 0 - d ip h e n y la n th r a c e n e  e x h i b i t  a b s o r p t i o n  s p e c t r a  w h ich  a re
2 3l i t t l e  d i f f e r e n t  from  th o s e  o f  th e  s u b m o le c u la r  p o r t i o n s .  ’
The o t h e r  e x tre m e  o f  i n t e r a c t i o n  i n  c o m p o s i te  m o le c u le s  
may be r e p r e s e n t e d  by m o le c u le s  such  a s  p e r y l e n e .  I n  th e s e  
m o le c u le s  th e  su b m o le c u le s  a r e  fu se d  t o g e t h e r  i n  such  a way t h a t  
i n t r a m o l e c u l a r  i n t e r a c t i o n  i s  so l a r g e  t h a t  th e  s u b m o le c u la r  
i d e n t i t y  i s  l o s t .  The e l e c t r o n i c  t r a n s i t i o n s  i n  t h e s e  m o le c u le s  
a r e  c h a r a c t e r i s t i c  o f  th e  e n t i r e  m o le c u la r  chrom ophore . Between 
t h e s e  e x t re m e s  many co m p o s i te  m o le c u le s  e x i s t  w h ich  e x h i b i t
v a r y in g  d e g r e e s  o f  su b m o le c u la r  i n t e r a c t i o n .
tj. s
Ory and W harton  have s tu d ie d  t h e  e l e c t r o n i c  t r a n s i t i o n s  
o f  f l u o r a n t h e n e .  I n  a d d i t i o n  W harton  h a s  s tu d ie d  th e  3 , 4 - b e n z f l u o r e n e ,  
1 1 , 1 2 - b e n z f l u o r e n e  and 1 , 4 - d ib r o m o - 2 , 3 -b e n z b ip h e n y le n e  m o le c u le s .
g
The 2 - p h e n y ln a p h th a le n e  sy s te m  has  b een  c o n s id e r e d  by H a r r i s  and
^R.N. J o n e s ,  J .  Am. Chem. S o c . . 67 . 2127 (1 9 4 5 ) .
3
R.A. F r i e d e l  and M. O rc h in ,  U l t r a v i o l e t  S p e c t r a  of 
A ro m a tic  Compounds. John  W ile y  and S ons , New Y ork, N.Y. (1 9 5 1 ) .
4 , . .Horace Ory, Ph.D . D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e
U n i v e r s i t y ,  Baton Rouge, L o u i s i a n a  ( 1 9 5 7 ) .
5
James H. W h ar to n ,  Ph.D . D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  
U n i v e r s i t y ,  B aton  Rouge, L o u i s i a n a  ( 1 9 6 2 ) .
g
James H a r r i s ,  Ph .D . D i s s e r t a t i o n ,  L o u i s i a n a  S t a t e  
U n i v e r s i t y ,  B aton  Rouge, L o u i s i a n a  (1 9 6 5 ) .
4H o llo w ay .^  I n  a d d i t i o n  H a r r i s  h a s  s tu d i e d  s e v e r a l  2 -p h e n y lq u in o l i .n e s
and H a r r i s  and Hollow ay have s tu d ie d  some o f  th e  b e n z f l u o r e n e s .
8 9The b ip h e n y l  sy s tem  h a s  been  c o n s id e r e d  by  K ing . W harton  h as
10a p p l i e d  e x c i t o n  t h e o r y  t o  f lu o r a n t h e n e  and Holloway h a s  done 
a n  a n t i s y m m e tr iz e d  s e l f - c o n s i s t e n t  f i e l d  m o le c u la r  o r b i t a l  
c a l c u l a t i o n  i n c l u d i n g  c o n f i g u r a t i o n  i n t e r a c t i o n  on t h e  p l a n a r
2 - p h e n y ln a p h th a le n e  m o le c u le .  W harton , i n  a n o th e r  w ork  c u r r e n t l y  
b e in g  p r e p a r e d  f o r  p u b l i c a t i o n ,  h a s  in c lu d e d  h y d ro g en -h y d ro g en  
r e p u l s i o n  and h as  e x te n d e d  th e  c a l c u l a t i o n  t o  o th e r  c o n fo rm a t io n s  
o f  2 - p h e n y ln a p h th a l e n e .  A l l  o f  th e s e  co m p o si te  m o le c u le s  e x h i b i t  
a s i g n i f i c a n t  i n t e r a c t i o n  be tw een  a r o m a t ic  r i n g  sy s tem s  and some 
o f  t h e i r  s p e c t r a  have  been  i n t e r p r e t e d  to  be c h a r a c t e r i s t i c  o f  t h e  
su b m o le c u la r  a r o m a t i c  r i n g  sy s te m s .
T h is  r e s e a r c h  was i n i t i a t e d  w i t h  t h e  i n t e n t i o n  of 
c l a r i f y i n g  th e  a n o m a l ie s  found i n  th e  p r e v io u s  s t u d i e s  o f  th e s e  
compounds. H ollow ay found t h a t  m u l t i p l e  e m is s io n s  (more th a n  
one m o le c u la r  f l u o r e s c e n c e  o r  p h o s p h o re s c e n c e )  r e p o r t e d  f o r
^H.E. H ollow ay , Ph.D . D i s s e r t a t i o n ,  L o u i s i a n a  S ta t e  
U n i v e r s i t y ,  Baton Rouge, L o u i s i a n a  (1 9 6 7 ) .
g
J .R .  K ing , work t o  be p u b l i s h e d .
9
W harton , op . c i t . . p p . 5 -12 .
10H ollow ay , op . c i t . . p . 18.
I
s e v e r a l  compounds w ere  due t o  t r a c e  i m p u r i t i e s  i n  t h e s e  compounds.. 
T h i s  d i s c o v e r y  r e q u i r e d  t h a t  t h e  s p e c t r a  o f  t h e s e  compounds be 
r e - c h a r a c t e r i z e d  and t h a t  new i n t e r p r e t a t i o n s  be a p p l i e d  t o  t h e i r  
s p e c t r a .  I n  t h i s  r e s e a r c h  m ost o f  t h e  r e m a in in g  a n o m a l ie s  have  
b e e n  s tu d ie d  and t h e  p r e v i o u s l y  u n r e p o r te d  e l e c t r o n i c  s t a t e s  o f  
s e v e r a l  o t h e r  c o m p o s i te  m o le c u le s  have  b e e n  s t u d i e d .  The m o le c u le s  
s t u d i e d  i n  t h i s  w ork a r e  shown i n  F ig u r e  1 .  The e l e c t r o n i c  s t a t e s  
o f  t h e s e  m o le c u le s  a r e  c h a r a c t e r i z e d  i n  t h i s  w ork . The e l e c t r o n i c  
s p e c t r a  o f  2 , 3 -b e n z b ip h e n y le n e  and th e  d i b e n z f l u o r e n e s  have  n o t  
b e e n  p r e v i o u s l y  r e p o r t e d .  A t te m p ts  a r e  made t o  i n t e r p r e t  t h e  
s p e c t r a  o f  t h e s e  m o le c u le s  i n  t h e  c o n t e x t  o f  th e  fram ew ork  o f  
t h e  s p e c t r a  o f  co m p o s i te  m o le c u le s .  I n t e r a c t i o n s  be tw een  
s u b m o le c u le s  v a r y  from  m in im al i n  th e  c a s e  o f  t h e  p h e n y l n a p h th a l e n e s  
t o  a maximal i n  th e  c a s e  o f  2 , 3 - b e n z b ip h e n y le n e .
B. C h a r a c t e r i z a t i o n  o f  T r a n s i t i o n s
T h e re  a r e  t h r e e  commonly u sed  s y s te m s  f o r  c l a s s i f i c a t i o n
o f  a b s o r p t i v e  e l e c t r o n i c  t r a n s i t i o n s  o f  a r o m a t i c  h y d ro c a rb o n s .
The most g e n e r a l l y  a c c e p te d  c l a s s i f i c a t i o n  i s  t h a t  b a se d  on g ro u p  
11t h e o r y .  T h i s  s y s te m  i d e n t i f i e s  b o th  t h e  ground  s t a t e  and 
e x c i t e d  s t a t e  symmetry s p e c i e s .  U n f o r t u n a t e l y  i n  l a r g e  m o le c u le s
11M. G oep p er t-M ay er  and A .L . S k l a r ,  J .  Chem. P h y s . .
6 ,  645 ( 1 9 3 8 ) .
6FIGURE 1. Some H y d roca rbon  M o le c u la r  S t r u c t u r e s
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7t h a t  have low symmetry t h i s  c l a s s i f i c a t i o n  i s  v e ry  h a rd  to  a p p l y .
I n  a d d i t i o n ,  when l a r g e  m o le c u le s  e x h i b i t  a  r e l a t i v e l y  h ig h
symmetry and th e  symmetry s p e c i e s  o f  th e  a p p r o p r i a t e  s t a t e s
i s  known, so  many t r a n s i t i o n s  a r e  e x h i b i t e d  t h a t  s e v e r a l
t r a n s i t i o n s  i n v a r i a b l y  p o s s e s s  th e  same c l a s s i f i c a t i o n .  The
u s e  of g ro u p  t h e o r e t i c a l  n o t a t i o n  i s  employed a t  t im e s  i n  t h i s
work b u t  a lw ays  i n  c o n j u n c t io n  w i t h  o t h e r  c l a s s i f i c a t i o n  
12s y s te m s .  C la r  h a s  c l a s s i f i e d  th e  f i r s t  t h r e e  t r a n s i t i o n s
i n  th e  s p e c t r a  o f  many a r o m a t ic  h y d ro c a rb o n s  a s  t h e  a ,  0 , and
p a r a  b a n d s .  These t r a n s i t i o n s  a r e  a s s ig n e d .o n  th e  b a s i s  o f
o b se rv ed  s i m i l a r i t i e s  i n  i n t e n s i t i e s  and s h i f t s  w i t h  s u b s t i t u t i o n
13a lo n g  g iv e n  m o le c u la r  a x e s .  P l a t t  h a s  c l a s s i f i e d  a b s o r p t i o n  
t r a n s i t i o n s  a c c o r d in g  t o  a p e r i m e t e r  f r e e  e l e c t r o n  m ode l.  I n
t h i s  c l a s s i f i c a t i o n  t h e  a  band o f  C la r  c o r r e s p o n d s  t o  th e
1 1  1 1  A -» t r a n s i t i o n ,  t h e  p a r a  band to  th e  A -* Lq t r a n s i t i o n
1 1and th e  g band t o  th e  A -» t r a n s i t i o n .  The P l a t t  sy s tem  
d e s i g n a t e s  b o th  t h e  ground and e x c i t e d  s t a t e s  and h a s  th e  
a d v a n ta g e  t h a t  b o th  a b s o r p t i v e  and e m is s iv e  t r a n s i t i o n s  can be 
c o m p le te ly  c h a r a c t e r i z e d .  The C la r  c l a s s i f i c a t i o n  h a s  n o t  b een
12E. C la r ,  S p e c t ro c h im .  A c t a . . 4 ,  116 (1 9 5 9 ) .
^ J . R .  P l a t t ,  J .  Chem. P h y s . . 17. 484 (1 9 4 9 ) .
w id e ly  a c c e p te d  i n  r e c e n t  y e a r s  and h a s  th e  a d d i t i o n a l  d i s a d v a n ta g e  
th a t ,  when an a d s o r p t i o n  s p e c tru m  h a s  s i x  o r  s e v e n  a p p a re n t  
t r a n s i t i o n s ,  c l a s s i f i c a t i o n  o f  them  i s  im p o s s ib l e  w i th  th e  C la r  
n o m e n c la tu r e .  Use o f  t h e  P l a t t  c l a s s i f i c a t i o n  b a se d  on t h e  
p e r i m e t e r  f r e e  e l e c t r o n  model l o s e s  i t s  t h e r e t i c a l  j u s t i f i c a t i o n  
when i t  i s  a p p l i e d  t o  m o le c u le s  su c h  a s  th e  p h e n y l n a p h th a l e n e s .  
However, many s p e c t r o s c o p i s t s  w o rk in g  w i th  l a r g e  m o le c u le s  u se  
t h i s  sy s tem  b e c a u se  a b e t t e r ,  b a d ly  n eed e d ,  s y s te m  i s  u n a v a i l a b l e .  
A lth o u g h  t h e r e  i s  no t h e o r e t i c a l  j u s t i f i c a t i o n ,  th e  P l a t t  
n o m e n c la tu re  i s  used  e x t e n s i v e l y  i n  t h i s  w ork . I t  i s  n o t  u sed  
i n  th e  s e n se  P l a t t  i n t e n d e d , b u t  h a s  b een  a p p l i e d  much in  t h e  
s p i r i t  o f  t h e  C la r  n o t a t i o n ,  t h a t  i s ,  i t  i s  b a s e d  on s i m i l a r i t i e s  
i n  t h e  o b s e rv e d  i n t e n s i t i e s ,  p o l a r i z a t i o n s ,  and v i b r a t i o n a l  
p r o g r e s s i o n s  w i t h  th o s e  o f  b e n z e n e ,  n a p h t h a l e n e ,  and h ig h e r  
a c e n e s .  I n  a d d i t i o n  i t  h a s  been  n e c e s s a r y  t o  f u r t h e r  b a s t a r d i z e  
t h e  P l a t t  sy s te m  when t r a n s i t i o n s  i n v o l v i n g  o n ly  su b m o le c u le s  
a r e  a s s ig n e d  and when t r a n s i t i o n s  m us t be a s s i g n e d  f o r  w h ic h  
t h e r e  i s  no a n a lo g u e  i n  t h e  P l a t t  sy s te m .  T h i s  h a s  been n e c e s s a r y  
m a in ly  i n  c o n j u n c t io n  w i t h  th e  t h e o r e t i c a l  c a l c u l a t i o n s ,  and 
a t t e m p t s  a r e  made t o  l i m i t  t h i s  p r a c t i c e  t o  t h a t  s e c t i o n .  When 
s u b m o le c u la r  t r a n s i t i o n s  a r e  a s s ig n e d  and P l a t t  sym bolism  i s  
u s e d ,  an  a d d i t i o n a l  s u b s c r i p t  has  b e e n  added t o  th e  normal n o t a t i o n .
1 1F o r  exam ple  a  n a p h t h a l e n e  s u b m o le cu le  A -» L t r a n s i t i o n  i s  
1 1d e n o te d  A -* LaN* F u r t h e r  e x p l a n a t i o n s  o f  th e  a d a p te d  P l a t t  
n o m e n c la tu r e  a r e  made a s  i t  i s  u s e d .  One a d d i t i o n a l  p o i n t  
c o n c e r n in g  th e  P l a t t  sy s tem  w i l l  be made. S ince  no f i r m  ag re e m e n t  
c o n c e r n in g  th e  o r d e r  t h a t  t h e  s t a t e s  be named h a s  e v e r  been  
r e a c h e d ,  a s  a  p e r s o n a l  p r e f e r e n c e ,  t h i s  a u t h o r  c h o o s e s  t o  name 
t h e  low er  e n e r g y  s t a t e  f i r s t  and  th e  h i g h e r  e n e rg y  s t a t e  second 
and  t o  i n d i c a t e  t h e  p r o c e s s  in v o lv e d  b y  u se  o f  th e  c o n v e n t i o n a l  
a r r o w .
I n  c o n j u n c t i o n  w i t h  th e  P l a t t  and g roup  t h e o r e t i c a l
n o t a t i o n  one f u r t h e r  sy s tem  o f  n o t a t i o n  h a s  been  u sed  i n  th e
t h e o r e t i c a l  s e c t i o n .  The s e l f - c o n s i s t e n t  f i e l d  m o le c u la r
o r b i t a l  d e s i g n a t i o n  h a s  been  u sed  t o  d e n o te  t r a n s i t i o n s .  F o r
exam ple  t h e  lo w e s t  e n e rg y  t r a n s i t i o n  i n  2 , 3 -b e n z b ip h e n y le n e  i s
t h e o r e t i c a l l y  f ro m  t h e  h i g h e s t  o c c u p ie d  m o le c u la r  o r b i t a l  t o
t h e  lo w e s t  u n o c c u p ie d  m o le c u la r  o r b i t a l .  From th e  s e l f - c o n s i s t e n t
9
f i e l d  c a l c u l a t i o n  t h i s  t r a n s i t i o n  i s  d e n o te d  a s  th e  i|jg. t r a n s i t i o n .
I t  i s  a c o n v e n ie n t  s h o r th a n d  n o t a t i o n  f o r  a t r a n s i t i o n  t a k i n g
p l a c e  b e tw ee n  m o l e c u l a r  s t a t e s  i n v o l v i n g  p r e d o m in a n t ly  M.0 .8
1 1and M .0 .9 .  From P l a t t  n o t a t i o n  i t  i s  d e s i g n a t e d  a s  t h e  A -* L
1 1t r a n s i t i o n  and from  group  t h e o r y  a s  a -> A^ t r a n s i t i o n .
Each  sym bolism  d e n o t e s  th e  same t r a n s i t i o n  f o r  t h i s  m o le c u le
10
but. e a c h  a c c e n t u a t e s  s l i g h t l y  d i f f e r e n t  phenomena in v o lv e d  i n  
t h e  t r a n s i t i o n .  O f te n ,  more th a n  one n o t a t i o n a l  s y s te m  w i l l  be 
u s e d ,  and when o n ly  one i s  employed th e  one w h ic h  b e s t  makes 
th e  p o i n t  t h a t  t h e  a u t h o r  i s  t r y i n g  t o  convey  w i l l  be u s e d .
C. M o le c u la r  O r b i t a l  C a l c u l a t i o n s
T h e o r e t i c a l  c o n s i d e r a t i o n  h a s  b een  g iv e n  c o m p o s i te
m o l e c u l e s  by v a r i o u s  a u t h o r s  w i t h  v a r y i n g  d e g r e e s  o f  l i m i t e d
14s u c c e s s .  T hese  t r e a t m e n t s  have been  re v ie w e d  by H ollow ay .
The m o s t  p r o m is in g  t h e o r e t i c a l  t r e a t m e n t  a v a i l a b l e  f o r  l a r g e  
c o m p o s i te  m o le c u le s  and th e  one em ployed in  t h i s  w ork i s  th e  
a n t i s y m m e t r i z e d  s e l f - c o n s i s t e n t  f i e l d  m o le c u la r  o r b i t a l  
c a l c u l a t i o n  t h a t  i n c l u d e s  c o n f i g u r a t i o n  i n t e r a c t i o n .
The a s s u m p t io n  u s u a l l y  em ployed in. s e m i e m p i r i c a l  
s e l f - c o n s i s t e n t  f i e l d  (SCF) c a l c u l a t i o n s  o f  t h e  ty p e  a s s o c i a t e d  
w i t h  t h e  names P a r i s e r ^  P a r r  and P o p l e ^ ’ ^  a r e  so sw eep ing
14H ollow ay , o p .  c i t . . p p . 1 4 -1 7 .
^ K .  R udenberg ,  J .  Chem. P h y s . . 34 , 1861 ( 1 9 6 1 ) .
16R.G. P a r r ,  Quantum T h eo ry  o f  M o le c u la r  S t r u c t u r e .
W.A. B en jam in ,  I n c . ,  New Y ork , N .Y . , 1963.
17 R. P a r i s e r ,  J .  Chem. P h y s . . 2 4 . 250 ( 1 9 5 6 ) .
18J . A .  P o p le ,  T r a n s .  F a r a d .  S o c . , 4 9 .  1375 ( 1 9 5 3 ) .
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18t h a t ,  a l th o u g h  th e y  can be  j u s t i f i e d  t o  some e x t e n t  t h e o r e t i c a l l y ,
t h e i r  a d o p t io n  c a n  u l t i m a t e l y  be j u s t i f i e d  o n ly  by th e  s u c c e s s
t h a t  t h e i r  u se  h a s  a c h ie v e d  i n  e x p l a i n i n g  e x p e r im e n ta l  w ork , i n
p r e d i c t i n g  new e f f e c t s ,  and  i n  g u id in g  t h e  d e s ig n  o f  new 
19ae x p e r im e n t s .  SCF-MO c a l c u l a t i o n s  i n c l u d i n g  c o n f i g u r a t i o n  
i n t e r a c t i o n ,  C l ,  have b een  c a r r i e d  o u t  w i t h  am azing  s u c c e s s  on 
many p o l y c y c l i c  h y d r o c a r b o n s .  The t e c h n iq u e  h a s  a l s o  had good 
s u c c e s s  i n  e x p l a i n i n g  many s p e c t r a  o f  s u b s t i t u t e d  a r o m a t ic s  
and i s  r e a s o n a b l y  s u c c e s s f u l  when a p p l i e d  to  n o n - a l t e r n a n t
h y d ro c a rb o n s ,
20 21 W ith  t h e  e x c e p t io n  o f  b ip h e n y l  and 2 - p h e n y ln a p h th a l e n e ,
a s  f a r  a s  th e  a u t h o r  was a b l e  to  d i s c e r n  no s e r i o u s  a t t e m p t  h a s
b e e n  made t o  a p p l y  t h i s  t e c h n iq u e  t o  co m p o si te  s y s te m s .  The
SCF-MO w i t h  C l  scheme was a p p l i e d  t o  1 - p h e n y ln a p h th a le n e  and t o
2 , 3 -b e n z b ip h e n y le n e  in  t h i s  work.
The d e t a i l s  o f  a p p r o x im a t io n s  in t r o d u c e d  by P o p le ,
22P a r i s e r  and P a r r  i n t o  th e  c lo s e d  s h e l l  H a r t r e e - F o c k  method
23have  been  d e s c r i b e d  e l s e w h e r e .  A summary o f  t h e s e  a p p ro x im a t io n s
■^a J . E .  B lo o r ,  C an . J .  Chem .. 43, 3026 (1 9 6 5 ) .
19b J . E .  B lo o r ,  P .N .  D aykin , P .  B o l to n ,  Can. J .  Chem..
42 , 121 ( 1 9 6 4 ) .
20J . E .  B lo o r ,  N. B r e e r l e y ,  w ork  to  be p u b l i s h e d .
^ H . E .  H ollow ay, l o c .  c i t .
22J . C .  S l a t e r ,  Quantum T h e o ry  o f  M o le c u le s  and S o l i d s .
V o l .  1, M cG raw -H ill Co., New York, N .Y . ,  1963.
23HoC. L o n g u e t -H ig g in s ,  A dvances  in  C hem ica l P h y s i c s . J., 
I n t e r s c i e n c e  P u b l i s h e r s ,  I n c . ,  New Y o rk ,  N .Y ., p . 239, 1958.
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w i l l  be o u t l i n e d  a t  t h i s  t im e ;  t h e  n o t a t i o n  o f  B lo o r  w i l l  be 
usedo
The p i - m o l e c u l a r  o r b i t a l s  MO's a r e  e x p r e s s e d  a s  l i n e a r  
c o m b in a t io n s  o f  a to m ic  o r b i t a l s ,  A O 's ,  cp^.
Ntt
ilr. = X C. cp • #1Y1 i p  YP
P
I n  t h i s  c a l c u l a t i o n  th e  e x a c t  fo rm  o f  th e  AO's i s  n o t  s p e c i f i e d .  
The o n e - e l e c t r o n  H a r t r e e -F o c k  p ro b lem  f o r  c lo s e d  s h e l l  p i - e l e c t r o n  
sy s te m s  r e d u c e s  t o  th e  F m a t r i x  w i t h  t h e  f o l lo w in g  e le m e n ts .
F = H° -  — P v  P ^ q  . . . . 2
Pq Pq 2 pq Ypq r r  ^
Q
H i s  t h e  c o re  h a m i l t o n i a n  and v i s  th e  two c e n t e r  a to m ic
pq Ypq
r e p u l s i o n  i n t e g r a l  f o r  a d j a c e n t  a tom s p and q .
F = H C + S P  y V • • • • 3pp pp pq Ypq 2 pp Ypp
P ife an  e le m e n t  o f  th e  bond o r d e r  m a t r i x ,  E q .4 ,
pq
No cc
P = 2  x  C. C. C . . . 4
pq ± 3-p i q
T h is  sum e x te n d s  o n ly  over t h e  o c c u p ie d  MO's i n d i c a t e d  by Nq c c .
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The s e c u l a r  e q u a t io n  (5 )  i 's  used  t o  d e te rm in e  th e  e i g e n v e c t o r s  
Chp and th e  o r b i t a l  e n e r g i e s  E^.
Nn
7]C , F — E.  C. d. , . 5
p ip  pq i  iq
The crbond  fram ew ork i s  in c lu d e d  a s  a  p a r t  o f  th e  c o re  h a m i l t o n i a n .  
The e i g e n v e c t o r s  C,. i n  E q .4  m ust a l s o  s a t i s f y  e q u a t i o n  ( 5 ) .
Hence i t  i s  n e c e s s a r y  t o  use  an  i t e r a t i v e  p r o c e d u r e .  T h is  p r o c e s s  
p r o v id e s  v i r t u a l  and o ccu p ied  MO c o e f f i c i e n t s  and e n e r g i e s .
The o f f  d i a g o n a l  e le m e n ts  o f  t h e  c o re  m a t r i x  a r e  o f t e n  
t r e a t e d  a s  e m p i r i c a l  p a r a m te r s ,  3pq» When p and q a r e  a d j a c e n t  
a tom s c o n t r i b u t i n g  e l e c t r o n s  w i t h i n  a s  a r o m a t i c  r i n g ,  a v a lu e  
f o r  p o f  - 2 .3 9  was ch o se n .  A l th o u g h  a r b i t r a r y ,  t h i s  v a l u e
24seems t o  be s t a n d a r d  s in c e  i t s  p r o p o s a l  f o r  benzene i n  1953.
The v a l u e  f o r  8 be tw een  r i n g s  was t r e a t e d  a s  a  p a ra m e te r  t h a t
pq
w as a d j u s t e d  t o  o b t a i n  a f i t  w i t h  th e  o b s e rv e d  e n e rg y  l e v e l s .
The v a lu e  = 2 .1 5 0 ,  s u g g e s te d  by  S t r e i t w i e s e r ,  was chosen  f o r  p
25i n  th e  c a s e  o f  1 - p h e n y ln a p h th a l e n e .  T h is  v a l u e  p ro v id e d  
s u f f i c i e n t  ag ree m en t  w i t h  th e  e x p e r im e n ta l  d a t a  f o r  1 - p h e n y l ­
n a p h t h a l e n e .  The v a l u e  f o r  p f o r  2 , 3 - b e n z b ip h e n y le n e  was 
v a r i e d  and a  d i s c u s s i o n  o f  t h i s  p ro c e d u re  w i l l  be made l a t e r .
pq
24R. P a r i s e r ,  R.G. P a r r ,  Jj_ Chem. P h y s . . 21 . 446,
767 (1 9 5 3 ) .
25Andrew S t r e i t w i e s e r ,  J r . .  M o le c u la r  O r b i t a l  T heory  
f o r  O rg an ic  C h e m is ts . John W iley  and Sons, I n c . ,  New York, N .Y . , 
1961, p . 103.
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The d i a g o n a l  e l e m e n ts  o f  t h e  c o re  m a t r i x  a r e  u s u a l l y  
expanded  i n  t h e  m anner o f  e q u a t i o n  6 .
n  j . n
Hp p ( i )  =  J cP p ( i )  lT ( i ) +  S  Uq q  ( i > + S  Us ( i ) + S  Up P + ( i )  Wp ^ > d v  ” * * 6q^p 4  s  p P
n  +
U^4 ‘ r e p r e s e n t s  t h e  p o t e n t i a l  due t o  t h e  c o r e  o f  a tom  q when
t h e  n  e l e c t r o n s  w h ic h  c o n t r i b u t e  t o  t h e  p i - e l e c t r o n  s y s te m  have
b e e n  rem oved . Ug r e p r e s e n t s  t h e  p o t e n t i a l  due t o  an  a tom  s
w h ic h  d o e s  n o t  c o n t r i b u t e  p i - e l e c t r o n s  t o  t h e  sy s tem  and T i s
t h e  k i n e t i c  e n e rg y  o p e r a t o r .  E v a l u a t i o n  o f  t h e  c o n t r i b u t i o n  
n
o f  (T + Up ) i s  made by means o f  th e  G o e p p e r t -M a y e r -S k la r  
a p p r o x i m a t i o n ,  E q .7 . ^
n  ( n - 1 )
^ ( i )  |T ( i )  + Up+ ( i )  |cpp ( i )  dv = Ep = - I p  +  7
( n - l > +
Ip  i s  t h e  v a l e n c e  s t a t e  i o n i z a t i o n  p o t e n t i a l  o f  a tom  p
and i s  u s u a l l y  t a k e n  from  v a l e n c e  s t a t e  i o n i z a t i o n  p o t e n t i a l  
t a b l e s .
The c o re  te rm s  i n  t h e  f i r s t  sum m ation i n  e q u a t i o n  6 can 
be w r i t t e n  a s  a p o t e n t i a l  due t o  th e  n e u t r a l  a tom  U° f o l lo w e d  
b y  a c o r r e c t i o n  t e r m  w h ic h  a l l o w s  f o r  t h e  r e p u l s i o n  due t o  th e  
p i - e l e c t r o n s  c o n t r i b u t e d  by t h a t  a tom . H ence when an  a to m  q
26M. G o e p p e r t-M a y e r  and A .L . S k l a r ,  Jj_ Chem. P h y s . . 6,
645 (1 9 3 8 ) .
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c o n t r i b u t e s  n  p i - e l e c t r o n s  t o  t h e  sy stem ,
. n  cp2 C j )
U ( i )  = U ° ( i )  -  S f - 3-----  d v . .  . . . . 8q q . / . J r . .  i i
The d ia g o n a l  e le m e n ts  o f  th e  c o re  m a t r ix  can  th e n  be  expanded 
a s  shown i n  E q .9 .
H° = -  S (U °: pp + n v  ) « 2  U :pp  . . . . 9
PP P p^ q q q vpq  s s
The te rm s U ° :p p  and Ug :pp  a r e  c a l l e d  p e n e t r a t i o n  i n t e g r a l s  f o r  
t h e  n e u t r a l  a to m s .  The p e n e t r a t i o n  i n t e g r a l s  fo l lo w  th e  
c o n v e n t io n  t h a t
Ug :pp  = -j*Ug ( i )  cp^(i) d v ( i )  . . . . 1 0
Q
F o r  th e  p u r p o s e  o f  a l t e r n a n t  h y d ro c a rb o n s  t h e  v a lu e  o f  H
PP
i s  th e  same f o r  a l l  c a rb o n  atoms and e q u a l s  -1 1 .1 6 e v .
The r e p u l s i o n  i n t e g r a l s  -y a r e  d e f in e d  by  e q u a t io n  11.
■Vpq =  J cPp( i )  cP ? ( i ) ( 1 / r 1 2 )cPq(2 )c p q ( 2 ) d V l dV 2
The one c e n t e r  r e p u l s i o n  i n t e g r a l s  a r e  c a l c u l a t e d  by  t h e  e m p i r i c a l  
method p ro p o s e d  by P a r i s e r  and Parr.'*''*' U sing  d a ta  f rom  a to m ic
16
s p e c t r a  one c a l c u l a t e s  t h e s e  i n t e g r a l s  by t h e  u s e  of Eq„12«
V = I  -  A •< ••1 2
YPP P P
Here I  i s  t h e  i o n i z a t i o n  p o t e n t i a l  o f  atom p i n  the  a p p r o p r i a t e
v a l e n c e  s t a t e  and A i s  th e  e l e c t r o n  a f f i n i t y  f o r  the  same
P
v a l e n c e  s t a t e .  S ince  a s  a c c u r a te  a  c a l c u l a t i o n  a s  p o s s i b l e  f o r
th e  e x c i t e d  s t a t e s  w as d e s i r e d ,  t h e  two c e n t e r  r e p u l s i o n  i n t e g r a l s
27
w ere  c a l c u l a t e d  by th e  p ro c e d u re  p ro p o se d  by  M a tag a .  I n  t h i s  
p ro c e d u re  t h e  r e p u l s i o n  i n t e g r a l s  f o r  an i n t e r n u c l e a r  s e p a r a t i o n  
r  a r e  assum ed to  be o f  t h e  form
( r )  „  M f J S e V -  „ . . 13
'pq a  + r
pq pq
and
28.794eva pq v  + v  • • • • 1 4pp Yqq
These v a l u e s  f o r  th e  r e p u l s i o n  i n t e g r a l s  o b t a i n e d  from t h e
SCF-MO c a l c u l a t i o n  a r e  t h e n  used f o r  th e  c o n f i g u r a t i o n  i n t e r a c t i o n
c a l c u l a t i o n .
27N. M ataga , and K. N is h im o to ,  Z._ P h y s ik .  Chem .. 
( F r a n k f u r t ,  A.M.) JL3, 140 (1 9 5 7 ) .
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The e x c i t e d  s t a t e s  o f  t h e  m o le c u le  Y-j- can. be e x p r e s s e d
1ca s  l i n e a r  c o m b in a t io n s  o f  i n d i v i d u a l  c o n f i g u r a t i o n s  a s  
i n d i c a t e d  i n  E q .1 5 .
V . . . . 1 5
k
i n  w h ic h  a n  e l e c t r o n  h a s  b e e n  e x c i t e d  from  a MO 4 . t o  a n o t h e rTi
MO \|i . D i a g o n a l i z a t i o n  o f  a  c o n f i g u r a t i o n  i n t e r a c t i o n  m a t r i xK
y i e l d s  t h e  m ix in g  c o e f f i c i e n t s  and th e  e x c i t a t i o n  e n e r g i e s .
The e l e m e n t s  o f  t h e  C l m a t r i x  a r e  g iv e n  by f jq .1 6 .
I n  t h i s  e q u a t i o n  i s  th e  o r b i t a l  e n e r g y  o f  t h e  SCF~MO, ijr .^
The i n t e g r a l s  ( i k j j l )  and ( i j  | k l )  a r e  m o le c u la r  r e p u l s i o n  
i n t e g r a l s .  These  r e p u l s i o n  i n t e g r a l s  a r e  d e f in e d  i n  E q .1 7 .
( i k i j l )  = S S C .  C , C . C v  . . . . 1 7
p q 1P kp  j q  mq pq
The o s c i l l a t o r  s t r e n g t h  f^  o f  a  t r a n s i t i o n  t o  t h e  I ' t h  e x c i t e d  
s t a t e  o f  e n e rg y  E^ i s  c a l c u l a t e d  by  E q .1 8 .
f .  = 8 .7 5 3  x  10" 2 . Et
i  — ^0-»l I
.1 8
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I n  E q .1 8  Qn i s  th e  t r a n s i t i o n  moment and  i s  g iv e n  by  U-*i
V l  =  J \ >  e I  f I dV ,19
I n  th e  c a l c u l a t i o n  on 1 - p h e n y ln a p h th a l e n e  and 2 , 3 - b e n 3 b i p h e n y l e n e 9 
t w e n t y - f i v e  c o n f i g u r a t i o n  i n t e r a c t i o n s  w ere  u s e d .  O nly  s i n g l e  
e l e c t r o n  e x c i t a t i o n s  w ere  c o n s id e r e d  and t h e s e  w ere  f ro m  th e  s e t  
o f  h i g h e s t  o c c u p ie d  MO's t o  th e  c o r r e s p o n d in g  lo w e s t  u n o c c u p ie d  
MO8 s .
CHAPTER I I
METHODS AMD MATERIALS-
A. S o lv e n t s
1 . H y d ro ca rb o n  S o lv e n t s
P h i l l i p s  p u re  g ra d e  s o l v e n t s  i s o p e n t a n e  ( I P )  and
3 -m e th y lp e n ta n e  (3-MP) w ere  p u r i f i e d  by  s t i r r i n g  them  f o r  e i g h t  
t o  tw e lv e  h o u r s  w i t h  M ^ l l i n c k r o d t  fum ing  s u l f u r i c  a c i d  (20% 
f r e e  S O p • A f t e r  t h e  t r e a t m e n t  w i t h  a c i d  t h e y  w ere  w ashed 
s e v e r a l  t im e s  w i th  w a t e r ,  th e n  w i t h  a s a t u r a t e d  s o l u t i o n  o f  
sodium  c a r b o n a t e ,  and a g a i n  s e v e r a l  t im e s  w i t h  w a t e r .  The s o l v e n t s  
w ere  d r i e d  o v e r  a n h y d ro u s  magnesium s u l f a t e  f o r  t w e n t y - f o u r  
h o u r s  and th e n  d i s t i l l e d  a t  a r a t e  o f  t e n  to  tw e n ty  d ro p s  p e r  
m in u te .  The s t i l T  c o n s i s t e d  o f  an  e l e c t r i c a l l y  h e a t e d  t w o - l i t e r  
s i n g l e  necked  f l a s k  below  a t h i r t y  in c h  d i s t i l l a t i o n  column 
packed  w i th  g l a s s  b e a d s .  S o lv e n t s  w ere  c o n s id e r e d  p u re  when 
th e y  showed no a p p i e c i a b l e  e m is s io n  and no a p p r e c i a b l e  a b s o r p t i o n  
a t  w a v e le n g th s  g r e a t e r  th a n  2100S. IPMP, a m ix tu r e  o f  s i x  
p a r t s  IP  t o  one p a r t  3-MP by volum e was p u r i f i e d  a s  d e s c r i b e d  
above  and was used  f o r  a b s o r p t i o n  and e m is s i o n  m easu rem en ts  
a t  7 7 °K.
2. A l c o h o l i c  S o lv e n t s
E t h y l  a l c o h o l : 95% e t h a n o l  f ro m  U .S .  I n d u s t r i a l
19
C hem ical Co. was u s e d  w i t h o u t  p u r i f i c a t i o n .
E th y l  a l c o h o l : A b s o l u t e  e t h a n o l ,  R eag e n t Q u a l i t y ,
from  U .S .  I n d u s t r i a l  C hem ical Co. was u sed  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .
M ethyl a l c o h o l : F i s h e r ,  C e r t i f i e d  R eag e n t G rad e ,
m e th a n o l  was used  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
EPA m ixed  s o l v e n t : T h is  m ix tu r e  o f  e t h y l  e t h e r ,
i s o p e n t a n e ,  and e t h y l  a l c o h o l  i n  a volum e r a t i o  o f  5 : 5 : 2  
r e s p e c t i v e l y  was made by H artm ann-L eddon  Co. S o lv e n t  from  
f r e s h  p r e v i o u s l y  unopened b o t t l e s  was u sed  t o  p r e p a r e  s o l u t i o n s  
f o r  e m is s i o n  m e a su re m e n ts .  EPA from b o t t l e s  w h ich  had been  
opened f o r  a s h o r t  t im e  was a d e q u a te  f o r  p r e p a r a t i o n  of 
s o l u t i o n s  f o r  a b s o r p t i o n  m e a su re m e n ts .
Mixed A l c o h o l i c  S o l v e n t : T h is  s o l v e n t  from
H artm an-Leddon Co. i s  a p r e p a r e d  f l u o r o m e t r i c  g ra d e  m ix tu r e  o f  
m e th y l ,  e t h y l  and i s o p r o p y l  a l c o h o l s .  O f te n ,  new b o t t l e s  o f  
t h i s  s o l v e n t  a r e  r e c e i v e d  i n  a  s t a t e  o f  s u f f i c i e n t  im p u r i t y  
to  r e n d e r  them u s e l e s s  f o r  u s e  i n  e m is s io n  m e a su re m e n ts .
B. Compound s
1. 1 - P h e n v ln a p h th a le n e
1 - P h e n y ln a p h th a le n e  sam ples  from  Colum bia O rg a n ic  
C h em ica l  C o . , ’ I n c .  and from  K & K L a b o r a t o r i e s ,  I n c .  w ere
vacuum d i s t i l l e d  s e v e r a l  t i m e s ;  th e  m id d le  f r a c t i o n  was c o l l e c t e d
from e a c h  d i s t i l l a t i o n .  A f t e r  s e v e r a l  d i s t i l l a t i o n s  th e  sam p les
were s t i l l  im pure . These sam ples s t i l l  p roduced t h e  low e n e rg y
28d e la y e d  f lu o r e s c e n c e  r e p o r t e d  by H a r r i s .  In  a d d i t i o n  NMR 
s p e c t r a  o f  n e a t  sam ples w ere  ru n .  The NMR s p e c t r a  showed t h r e e  
bands c o r r e s p o n d in g  t o  n o n a ro m a t ic  h y d ro g e n s .  T h ese  bands 
a r e  l o c a t e d  a t  a p p r o x im a te ly  0 .8 ,  1 .7  and 3 .1  ppm. The n o n a ro m a t ic  
NMR p r o t o n  s i g n a l s  cou ld  n o t  be a s s ig n e d  to  any s o l v e n t  i n  th e  
l a b o r a t o r y .  A lth o u g h  e l e c t r o n i c  i n t e g r a t i o n  w as im p o s s ib l e ,  
d e t e r m i n a t i o n  o f  a r e a s  u n d e r  th e  c u r v e s  and a p p l i c a t i o n  o f  o u tp u t  
l e v e l  r a t i o s  from th e  in s t r u m e n t  i n d i c a t e  t h a t  t h e  n o n a ro m a t ic  
h y d ro g en  t o  a r o m a t ic  h y d ro g e n  r a t i o  w as a p p ro x im a te ly  0 .0 3 7 .
The com m ercia l  sam ples  and  th e  vacuum d i s t i l l e d  sam p les  gave 
a p p r o x im a te ly  th e  same NMR s p e c t r a .
S y n th e t i c  1 - p h e n y ln a p h th a l e n e  was p r e p a r e d  by t h e  
f o l l o w i n g  m ethod. D i - l - n a p h t h o y l p e r o x i d e  f o r  t h e  s y n t h e s i s
29was p r e p a r e d  by th e  p r o c e d u r e  d e s c r i b e d  by K h a ra sc h  and D an n ley .
A p p ro x im a te ly  50 g . o f  1 - n a p h t h o y l c h l o r i d e  d i s s o l v e d  i n  70 ml o f
an h y d ro u s  a c e to n e  was added  to  an a g i t a t e d  s u s p e n s io n  o f  1 0 .6  g .
o
o f  sod ium  p e ro x id e  i n  140 m l. o f  a n h y d ro u s  a c e to n e  a t  0 C and 
28James L. H a r r i s ,  lo c .  c i t .
29M.S. K h a ra sc h  and R.L. D ann ley ,  O rg . Chem.„ 10 .
410 (1 9 4 5 ) .
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w as s t i r r e d  o v e r n i g h t .  The d i - l - n a p h t h o y l p e r o x i d e  s e p a r a t e d
when th e  s o l u t i o n  w as p ou red  i n t o  200 m l .  o f  i c e  w a t e r .  The
w h i t e  p r e c i p i t a n t  was f i l t e r e d  and w ashed t h r e e  t i m e s  w i t h  i c e
w a t e r .  The c r y s t a l s  w ere  p a r t i a l l y  d r i e d  u n d e r  vacuum  f o r  one
h o u r .  The p e r o x id e  was r e a c t e d  w i t h  b en ze n e  by  a p ro c e d u re
a n a lo g o u s  t o  t h e  one d e s c r i b e d  by  Hey and W alker  f o r  t h e  p r e p a r a t i o n
30o f  2 - p h e n y ln a p h th a l e n e .  The d i - l - n a p h t h o y l p e r o x i d e  was added  
t o  one l i t e r  o f  b e n z e n e .  A p p ro x im a te ly  30 ml o f  w a te r  s e p a r a t e d  
f ro m  th e  b e n z e n e  s o l u t i o n  and was removed w i t h  a p i p e t t e .  A f t e r  
t h e  s o l u t i o n  had r e f l u x e d  f o r  t w e n t y - f o u r  h o u rs  m o s t  o f  t h e  e x c e s s  
b en ze n e  w as d i s t i l l e d  o f f .  The p r o d u c t  was r e f l u x e d  f o r  t h r e e  
h o u r s  w i t h  10% a q u eo u s  a l c o h o l i c  sodium  h y d r o x id e .  The re m a in in g  
b e n z e n e  and a l c o h o l  was removed by  d i s t i l l a t i o n .  The o r g a n i c  
l a y e r  was p a r t i t i o n e d  i n t o  b en ze n e  and w ashed w i t h  10% aq u eo u s  
p o ta s s iu m  h y d r o x id e .  Benzene was removed u n d e r  vacuum and th e  
r e s u l t i n g  o r g a n i c  l i q u i d  was vacuum d i s t i l l e d  i n  t h e  a b s e n c e  o f  
a i r  and t h e  f r a c t i o n s  w ere  s t o r e d  u n d e r  n i t r o g e n .  U l t r a v i o l e t  
a b s o r p t i o n  and e m is s i o n  a n a l y s e s  w ere  c a r r i e d  o u t  on t h e  v a r i o u s  
f r a c t i o n s  t o  d e t e r m in e  t h e i r  p u r i t y .  F u r t h e r  c o n c l u s i o n s  a b o u t  
t h e  p u r i t y  o f  th e  s y n t h e t i c  1 -p h e n y ln a p h f th a le n e  w i l l  be  drawn i n  
a l a t e r  s e c t i o n .
30
D.H. Hey and W.E. W a lk e r ,  Chenu S o e . . 2217 (1 9 4 8 ) .
2. 2 , 3 °B e n z b ip h e n y le n e
2 , 3 -B e n z b ip h e n y le n e  was p r e p a r e d  by  t h e  s y n t h e t i c
31 32r o u t e  d e s c r i b e d  by  J e n s e n  and Coleman. W harton  c a r r i e d
th e  s y n t h e s i s  a s  f a r  a s  l , 4 - d i b r o m o “ 2 , 3 - b e n z b ip h e n y l e n e .  The
d e s i r e d  compound was p r e p a r e d  f ro m  a sam ple  o f  W h a r to n ’ s
p r o d u c t .  N - b u t y l l i t h i u m  f o r  t h e  s y n t h e s i s  was p r e p a r e d  by  t h e
33method d e s c r i b e d  i n  O rg a n ic  R e a c t i o n s . A s o l u t i o n  o f  6 8 .5  g .  
o f  b u ty lb 'ro m id e  i n  100 m l.  o f  d r y  e t h y l  e t h e r  was added d ro p w is e  
t o  a f l a s k  c o n t a i n i n g  8 .6  g .  o f  l i t h i u m  and 200 m l.  o f  d r y  
e t h e r  u n t i l  r e a c t i o n  s t a r t e d .  The r e a c t i o n  m ix tu r e  was th e n  
c o o le d  t o  -1 0 °C .  A f t e r  t h e  r e a c t i o n  a p p e a re d  t o  be  co m p le te  
t h e  t e m p e r a t u r e  was r a i s e d  t o  10°C. and t h e  m i x tu r e  was s t i r r e d  
f o r  two h o u r s .  The m ix tu r e  was f i l t e r e d  th r o u g h  a tu b e  l o o s e l y  
packed  w i t h  g l a s s  w ool and im m e d ia te ly  r e a c t e d  w i t h  th e  
d ib ro m o b e n z b ip h e n y le n e .  The n - b u t y l  l i t h i u m  was added t o  a 
s o l u t i o n  o f  10 g .  o f  d ib ro m o b e n z b ip h e n y le n e  d i s s o l v e d  i n  d r y  
e t h e r .  A f t e r  th e  m ix tu r e  r e f l u x e d  f o r  f o u r  h o u r s ,  i t  was w ashed 
w i t h  a d i l u t e  h y d r o c h l o r i c  a c i d  s o l u t i o n  and th e  e t h e r  was 
removed by d i s t i l l a t i o n .  The r e s i d u e  was t a k e n  up i n  a b s o l u t e  
e t h a n o l  and f i l t e r e d  from  c h a r c o a l  s e v e r a l  t i m e s .  The e t h a n o l  
w as removed and  th e  r e s i d u e  was vacuum s u b l im e d .  The a p p r o p r i a t e
31 T .R .  J e n s e n  and W.E. Coleman, T e t .  L e t t e r s ., 20„ 7 ( 1 9 5 9 ) .
32 Jam es H. W h ar to n ,  l o c .  c l t .
33O rg a n ic  R e a c t i o n s . V o l .  V I , p . 352.
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vacuum s u b l i m a t i o n  f r a c t i o n  was r e c r y s t a l l i z e d  f ro m  a b s o l u t e
e t h a n o l .  The r e s u l t i n g  c r y s t a l s  gave a  m e l t i n g  p o i n t  o f
240-242°G . J e n s e n  and Coleman r e p o r t  a  v a l u e  o f  2 4 2 . 6 - 2 4 3 . 2°C.
The u l t r a v i o l e t  a b s o r p t i o n  s p e c tru m  w as c o n s i s t e n t  w i t h  t h a t
p r e d i c t e d  fro m  t h e  sp e c tru m  o f  d ib ro m o b e n z b ip h e n y le n e .  The
NMR a b s o r p t i o n  s p e c t ru m  o f  t h e  sam ple  d i s s o l v e d  i n  CDCl^ was
34i d e n t i c a l  w i t h  t h a t  r e p o r t e d  by M a r t i n  a t*  a l .
3 .  7H“ B e n z [ d e ] a n th r a c e n e  ( b e n z a n th r e n e )
B e n z a n th re n e  was p r e p a r e d  f ro m  7H“ b e n z [ d e ] a n t h r a c e n e - 7
( b e n z a n th r o n e )  by th e  g e n e r a l  p r o c e d u r e  o u t l i n e d  by Brown and 
35W h i te .  The r e a g e n t  f o r  t h e  s y n t h e s i s  was p r e p a r e d  i n  a  d ry  
b ox .  2 .0  g .  o f  LiAlH^ was added  to  a  m ix tu re  o f  14 g . o f  
A lC l^  i n  30 m l. o f  d r y  e t h e r .  A f t e r  t h e  v ig o r o u s  R e a c t io n  
c e a se d  a  s l u r r y  o f  th e  k e t o n e ,  6 g .  i n  300 m l. o f  d ry  e t h e r ,  
was added  o v e r  a 20 m in u te  p e r i o d .  The m ix tu r e  w as r e f l u x e d  f o r  
one h o u r  and th e n  co o le d  t o  0°C. and w a te r  was added  t o  d e s t r o y  
t h e  e x c e s s  r e a g e n t .  200 m l.  o f  s u l f u r i c  a c i d  (20%) was added  
and th e  e t h e r  l a y e r  and a l l  s o l i d s  w ere  c o l l e c t e d .  The e t h e r  
was removed and th e  s o l i d  was t a k e n  up i n  a minimum amount o f  
b e n z e n e .  The p r o d u c t  was ch ro m a to g rap h ed  on v e r y  s l i g h t l y
34R.H. M a r t i n ,  J . P .  Van T rap p e n  and N. D efay ,  
T e t r a h e d r o n .  20. 2373 ( 1 9 6 4 ) .
35 B.R. Brown and A.M.S. W h i te ,  J .  Chem. S o c . . 3755
( 1 9 5 7 ) .
one
a c t i v a t e d  a lu m in a .  The c o l o r l e s s  e f f l u e n t  showed s t r o n g  b lu e  
f l u o r e s c e n c e .  The b enzene  w as e v a p o r a te d  and t h e r e  rem a ined  
a b o u t  2 .5  g. o f  l i g h t  o ra n g e  l e a f l e t s  w h ich  m e l te d  s h a r p l y  
a t  8 4 . 5°C. The u l t r a v i o l e t  a b s o r p t i o n  s p e c tru m  i n d i c a t e d  t h a t  
th e  p r o d u c t  was im p u re .  A t t h i s  p o i n t  th e  p r o d u c t  was r e c r y s t a l l i z e d  
t h r e e  more t im e s  from  a b s o l u t e  e t h a n o l .  The p r o d u c t  was v e r y  
l i g h t  y e l lo w  l e a f l e t s ,  t h e  a b s o r p t i o n  s p e c tru m  o f  w h ich  showed 
a l o w e r  im p u r i ty  l e v e l .  The p ro d u c t  f ro m  th e  e t h a n o l  r e c r y s t a l ­
l i z a t i o n s  was t a k e n  up i n  CCl^ and ch ro m a to g ra p h e d  on v e r y  s l i g h t l y  
a c t i v a t e d  a lu m in a .  The s o l v e n t  was e v a p o r a te d  from  th e  e f f l u e n t  
and t h e  p ro d u c t  w as c r y s t a l l i z e d  a g a i n  from  a b s o l u t e  e t h a n o l  
y i e l d i n g  pu re  w h i t e  p l a t e s  w i t h  a m e l t i n g  p o i n t  o f  8 4 . 5°C. The 
u l t r a v i o l e t  a b s o r p t i o n  s p e c t ru m  i n d i c a t e d  t h a t  t h e  p e r s i s t e n t  
i m p u r i t y  had b e e n  rem oved. A f t e r  s t a n d i n g  u n d e r  vacuum f o r  a 
s h o r t  p e r io d  t h e  c r y s t a l s  a g a i n  tu r n e d  l i g h t  y e l lo w .  The 
d e c o m p o s i t io n  o f  b e n z a n th r e n e  w i l l  be f u r t h e r  c o n s id e r e d  i n  a 
l a t e r  s e c t i o n .
4 .  3 . 4 -B e n z f lu o re n e
A com m erc ia l  g r a d e  sample f ro m  K & K L a b o r a t o r i e s ,  I n c .  
was vacuum  s u b lim e d  tw ic e  b y  H a r r i s .  He r e p o r t e d  two f l u o r e s c e n c e s  
and tw o  p h o s p h o re s c e n c e s  f ro m  t h i s  s a m p le .  H is  p u r i f i e d  sample
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was s u b j e c t e d  t o  one v e r y  slow s u b l i m a t i o n  a t  a p r e s s u r e  o f  one 
a tm o s p h e re  o f  Ng on a c o o l  p o r t i o n  o f  a s te a m  t a b l e .  L a r g e ,  
c o l o r l e s s  s i n g l e  c r y s t a l s  were p r o d u c e d .  T h i s  s u b l i m a t i o n  was 
s u f f i c i e n t  to  s i g n i f i c a n t l y  change t h e  a b s o r p t i o n  s p e c t ru m  and 
remove an y  t r a c e  o f  t h e  f l u o r e s c e n c e  r e p o r t e d  be tw een  4050^ 
and 5100$ and th e  p h o s p h o re s c e n c e  r e p o r t e d  b e tw e e n  4000 and 
5000&. The r e m a in in g  e m is s io n s  w e re  a l s o  s l i g h t l y  a l t e r e d .
5. 2 . 3 - B e n z f lu o r e n e
A com m erc ia l  g rade  s am p le  from  K & K L a b o r a t o r i e s ,  I n c .  
was vacuum  sub lim ed  by  H a r r i s .  He r e p o r t e d  f i v e  e m is s io n s  from  
t h i s  compound. Vacuum e n t r a in m e n t  s u b l im a t i o n  was s u c c e s s f u l  
i n  rem o v in g  some f u r t h e r  i m p u r i t i e s  from  t h i s  compound and  l e f t  
i t  i n  t h e  form  o f  l i g h t  y e l lo w  p l a t e s .  The p r o d u c t  o f  t h i s  
s u b l i m a t i o n  was d i s s o l v e d  in  CGl^ and  s u b j e c t e d  to  ch ro m a to g rap h y  
on a v e r y  s l i g h t l y  a c t i v a t e d  a lu m in a  column. The f i r s t  p r o d u c t  
i n  th e  e f f l u e n t  was shown by u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  to  
be p u re  2 , 3 - b e n s f l u o r e n e .  The f i r s t  f r a c t i o n  was fo l lo w e d  by 
a m ix tu r e  o f  com pounds. The p u re  2 , 3 “b e n z f l u o r e n e  e x h i b i t e d  
o n ly  one f l u o r e s c e n c e  and one p h o s p h o r e s c e n c e .
6. 1 . 2o 7 . 8 ° D ib e n z f lu o re n e
A sample o f  t h i s  compound was s u p p l i e d  by
P r o f e s s o r  R.H. M a r t i n  o f  t h e  U n i v e r s i t y  L ib r e  de B r u x e l l e s .
7 .  3 . 4 . 5„ 6-3Dibenzf lu o re n o n e
A sam ple  o f  t h i s  compound was s u p p l i e d  by 
P r o f e s s o r  R.H. M a r t in  o f  t h e  U n i v e r s i t y  L ib re  de B r u x e l l e s .
8 .  3 . 4 . 5 , 6 -D ib e n z f lu o r e n e
T h is  compound was p r e p a r e d  by a p r o c e d u r e  d e s c r i b e d  
36by M a r t i n .  0 .1 6 4  g .  o f  3 , 4 , 5 , 6 - d ib e n z f lu o r e n o n e  and 3 m l. 
o f  857. h y d ra z o n e  h y d r a t e  w ere  d e o x y g e n a te d  i n  a tu b e  by f r e e z e  
pumping a t  77°K and th e  tu b e  was s e a l e d  a t  77°K u n d e r  vacuum . 
The sam ple  tu b e  was p la c e d  i n  an  oven a t  180°C f o r  14 h o u r s .
The tu b e  was opened i n  a d r y  box  and th e  c o n t e n t s  w ere  t a k e n  up 
i n  a c e t i c  a c i d .  The s o l u t i o n  was t r e a t e d  w i t h  c h a r c o a l  and th e  
p r o d u c t  was p r e c i p i t a t e d  from  aq u eo u s  a c e t i c  a c i d .  The m e l t i n g  
p o i n t  o f  th e  p r o d u c t  was 1 5 2 .5 - 1 5 3 .0°C . M a r t in  r e p o r t e d  a 
v a l u e  o f  1 5 2 ^ 1 5 2 .5°C. The p r o d u c t  was r e c r y s t a l l i z e d  from  
a b s o l u t e  e t h a n o l  and p u re  w h i t e  p l a t e s  w ere  o b t a i n e d .
G. S p e c t r a l  M easurem ents
1 .  A b s o r p t io n  S p e c t r a
A b s o r p t io n  s p e c t r a  w ere r e c o r d e d  by  means o f  a Cary 
Model 14 r e c o r d i n g  s p e c t r o p h o t o m e t e r .  Sample c e l l s  w ere
^ R . E .  M a r t i n ,  J .  Chem. S o c . . 683 ( 1 9 4 1 ) .
r e c t a n g u l a r  o r  c y l i n d r i c a l  m atched  c e l l s  o f  q u a r t z  o r  s u p r a s i l ;  
p a t h  l e n g t h s  v a r i e d  from  1 mm. t o  10 cm. A l l  t h e  c e l l s  w ere  
e i t h e r  t h o s e  o f  t h e  Beckman s e r i e s  o r  th o s e  o f  th e  Aminco 
Q -sh a rp  m atched  s e r i e s .  The t e m p e r a tu r e  i n  th e  sample com partm ent 
was n o t  v i g i l a n t l y  c o n t r o l l e d  d u r i n g  a b s o r p t i o n  m e asu re m en ts .
The t e m p e r a t u r e  o f  t h e  sam ple  s o l u t i o n s  was th e  same a s  t h a t  o f  
t h e i r  s u r r o u n d i n g s .  At m ost t i m e s ,  how ever,  th e  room te m p e r a tu r e  
was t h e r m o s t a t e d  b e tw een  22°C and 26°C. S p e c t r a  r e c o r d e d  u n d e r  
t h e s e  c o n d i t i o n s  w i l l  be r e f e r r e d  t o  a s  s p e c t r a  r e c o r d e d  a t  
a m b ie n t  t e m p e r a t u r e .
The C ary  14 was a l s o  used  w i t h  m in o r  m o d i f i c a t i o n  
t o  r e c o r d  a b s o r p t i o n  s p e c t r a  a t  77°K. The sam ple s t a g e  was 
removed and a s u p r a s i l  dew ar c o n t a i n i n g  l i q u i d  n i t r o g e n  and th e  
sam ple  c e l l  was p la c e d  i n  t h e  l i g h t  p a t h .  The dewar w as  s u p p o r te d  
by  a  p l a t e  c o n s t r u c t e d  t o  f i t  t h e  to p  o f  t h e  sample c o m p ar tm e n t.  
The sam ple  com partm ent w as f l u s h e d  w i th  d r y  n i t r o g e n  d u r in g  
m e asu re m en ts  a t  77°K t o  k e e p  m o i s t u r e  from  c o n d e n s in g  on th e  
c o ld  s u r f a c e s .  A t 77°K e i t h e r  Beckman r e c t a n g u l a r  q u a r t z  c e l l s  
o r  20mm. c y l i n d r i c a l  c e l l s  s p e c i a l l y  c o n s t r u c t e d  from  q u a r t z  
t u b i n g  w ere  u s e d .  C e l l s  c o n t a i n i n g  s o l v e n t  w ere  p la c e d  i n  t h e  
r e f e r e n c e  beam t o  m a i n t a i n  a u s a b le  b a s e l i n e .  B ecause  o f  s l i g h t  
a b s o r p t i o n  o f  th e  dewar and c o n t r a c t i o n  o f  s o l v e n t s  a t  77°K no
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e x t i n c t i o n ,  c o e f f i c i e n t s  w ere  e v a l u a t e d  from  a b s o r p t i o n  s p e c t r a  
t a k e n  a t  77°K.
Two m ethods w ere  u sed  t o  o b t a i n  v a p o r  s p e c t r a .  I n  
th e  m easurem ent o f  m ost o f  th e  v a p o r  s p e c t r a  th e  C ary  1 m. g a s  
a b s o r p t i o n  c e l l  was p la c e d  i n  th e  sam ple  com partm ent o f  th e  
C ary  14 and i t  was o p e r a t e d  i n  the  norm al a b s o r p t i o n  mode. When 
t h i s  t e c h n iq u e  was u s e d ,  th e  u se  o f  c o m p e n sa t in g  s c r e e n s  was 
n e c e s s a r y  and a s i g n i f i c a n t  b a s e l i n e  c o r r e c t i o n  had t o  be made. 
A l t e r n a t i v e l y ,  when compounds had v a p o r  p r e s s u r e s  w h ich  w ere  h ig h  
enough , a 10cm. c e l l  was p la c e d  i n  t h e  sam ple  com partm ent and 
th e  sam ple s t a g e  was w rapped w i t h  h e a t i n g  t a p e .  The t e m p e r a tu r e  
o f  th e  h o t  s t a g e  was e a s i l y  c o n t r o l l e d  and e a s i l y  m o n i to re d  
and e s s e n t i a l l y  f l a t  b a s e  l i n e s  w ere  e a s i l y  o b t a i n e d .
2 .  E m is s io n  and E x c i t a t i o n  S p e c t r a
A l l  e m is s io n  and e x c i t a t i o n  s p e c t r a  w ere  r e c o r d e d  by 
means o f  t h e  C ary  14 s p e c t r o p h o to m e te r  o p e r a t i n g  i n  a s i n g l e  
beam mode. I n  most c a s e s  e x c i t a t i o n  was p r o v id e d  by th e  l i g h t  
from  an  Osram Xenon XBO 450 w a t t  lamp m onochrom atized  by means 
o f  t h e  Cary 15 d o u b le  m onochrom ato r .  By u se  o f  a 4 in c h  s p h e r i c a l  
g a t h e r i n g  m i r r o r  th e  u s a b le  l i g h t  from  t h i s  l i g h t  s o u rc e  i s
s i g n i f i c a n t l y  im p ro v ed .  T o t a l  e m is s io n  s p e c t r a  w ere  e x c i t e d  
by a f r o n t  s u r f a c e  t e c h n iq u e  w h ich  h a s  been  p r e v i o u s l y  d e s c r i b e d . '  
The i n t e n s i t y  o f  u l t r a v i o l e t  r a d i a t i o n  f o r  e x c i t a t i o n  p u rp o s e s  
was im proved by  rem oving  t h e  u l t r a v i o l e t  f i l t e r  (C o rn in g  G la s s  
F i l t e r  C .S .  7910) w hich  i s  l o c a t e d  a t  th e  l i g h t  tu b e  e x i t  from  
t h e  lamp com partm en t.
A B e c q u e re l  r o t a t i n g  d i s c  p h o sp h o ro sc o p e  was used  to  
i s o l a t e  t h e  p h o s p h o r e s c e n c e s  t h a t  w ere  r e c o r d e d .  The ch o p p er  
speed  was c o n t r o l l e d  by a  v a r i a b l e  speed  m o to r .  P h o sp h o re sc e n c e  
e x c i t a t i o n  was a c c o m p l i s h e d  by  one o f  two m eans. I n  t h e  c a se  o f  
a few p h o s p h o re s c e n c e  th e  l i g h t  o f  t h e  Xenon lamp p a s s e d  th ro u g h  
t h e  C ary  15 m onochrom ator p roduced  s u f f i c i e n t  l i g h t  i n t e n s i t y  
f o r  e x c i t a t i o n .  More o f t e n  th e  p h o s p h o re s c e n c e  e m is s io n s  w ere 
in d u c ed  by  a p p r o p r i a t e l y  f i l t e r e d  r a d i a t i o n  from  a 1 ,0 0 0  w a t t  
G e n e ra l  E l e c t r i c  A-H6 h ig h  p r e s s u r e  m e rc u ry  a r c .  The Gary 14 
s p e c t r o p h o t o m e t e r  was u sed  i n  th e  same mode f o r  r e c o r d i n g  
p h o s p h o re s c e n c e  and t o t a l  e m i s s i o n s .  A ga in  th e  e x p e r i m e n t a l  
a r r a n g e m e n t  was e s s e n t i a l l y  th e  same a s  t h a t  d e s c r i b e d  by 
H ollow ay .
The m o i s t u r e  c o n t e n t  o f  t h e  p u r i f i e d  s o l v e n t s  was
37H .E. H ollow ay , op. c i t . . p . 30.
c o n t r o l l e d  by  d r y in g  them  w i t h  S a fe  Sodium (a  c o m m e rc ia l ly  
a v a i l a b l e  Na-Pb a l l o y ) .  S o lv e n t s  w ere  d i s t i l l e d  on  a vacuum 
l i n e  f ro m  th e  com partm ent c o n t a i n i n g  s o l v e n t  and a l l o y  to  t h e  
sam ple  c e l l s .  A l l  sam ple  s o l u t i o n s  w ere  p r e p a re d  im m e d ia te ly  
b e f o r e  s p e c t r a l  m easu rem en ts  w ere  made. Sample s o l u t i o n s  f o r  
e m is s io n  s t u d i e s  w ere  d i l i g e n t l y  d e g a s s e d  by th e  f re e z e -p u m p  
te c h n iq u e  and  s e a le d  im m e d ia te ly  p r i o r  t o  u s e .  I n  th e  c a s e  o f  
s t u d i e s  on s o l u t i o n s  a t  77°K t h e  sam p les  w ere c o o le d  f o r  a t  
l e a s t  15 m in u te s  t o  i n s u r e  a maximum and u n ifo rm  v i s c o s i t y  i n  
t h e  r e s u l t i n g  g l a s s  b e f o r e  m easu rem en ts  w ere  m ade. No a t t e m p t  
was made t o  c o r r e c t  e m is s io n  s p e c t r a  f o r  i n s t r u m e n t  a r t i f a c t s  and 
p h o to tu b e  r e s p o n s e  t h a t  may v a r y  w i th  w a v e le n g th .
CHAPTER I I I
EXPERIMENTAL RESULTS AND PRELIMINARY DISCUSSION
A. The S p e c t r a  o f  l ° P h e n y ln a p h th a l e n e
The a b s o r p t i o n  and e m is s io n  s p e c t r a  o f  1 - p h e n y l -
38n a p h t h a le n e  have been  r e p o r t e d  r e c e n t l y  by  H a r r i s .  S in c e
1 - p h e n y ln a p h th a l e n e  i s  one o f  t h e  p a r e n t  compounds o f  th e
s e r i e s  s t u d i e d  i n  t h i s  work i t s  e l e c t r o n i c  s t a t e s  have b een
r e s t u d i e d .  The a b s o r p t i o n  s p e c t ru m  r e p o r t e d  by  H a r r i s  a p p e a r s
39t o  be  i n  p o o r  a g re e m e n t  w i th  t h a t  r e p o r t e d  by J a f f ^ .  The
40r e c e n t  f i n d i n g s  o f  H ollow ay c a s t  d o u b t  on th e  e m is s i o n  
s p e c t r a ,  i n c l u d i n g  m u l t i p l e  f l u o r e s c e n c e s  and p h o s p h o re s c e n c e s  
r e p o r t e d  by H a r r i s .  I t  was f e l t  t h a t  th e  number o f  e m is s io n s  
r e p o r t e d  f o r  t h e  m o le c u le  i n d i c a t e d  t h a t  i t  was im p u re .  T h is  
a u t h o r  was n e v e r  a b l e  t o  r e p ro d u c e  H a r r i s '  a b s o r p t i o n  sp e c tru m  
fro m  an y  sam ple  o f  1 -p h e n y ln a p h th a l e n e  a v a i l a b l e ,  i n  any  
s o l v e n t .  I t  seems l i k e l y  t h a t  a m i s t a k e  was made i n  t h e  
p r e p a r a t i o n  o f  h i s  a b s o r p t i o n  s p e c tru m  f o r  h i s  d i s s e r t a t i o n .
The s o l u t i o n  a b s o r p t i o n  s p e c t r a  o f  1 - p h e n y ln a p h th a l e n e  p ro d u ced
^ J a m e s  H a r r i s ,  l o c .  c i t .
39 /H.H. J a f f e  and M i l t o n  O rc h in ,  T heory  and A p p l i c a t i o n s  
o f  U l t r a v i o l e t  S p e c t r o s c o p y , J o h n  W i le y  and S ons , I n c . ,  New York, 
N .Y . , 1962.
40H .E . H ollow ay , l o c .  c i t .
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i n  t h i s  w ork a r e  i n  g e n e r a l  a g re e m e n t  w i t h  t h o s e  r e p o r t e d  by 
J a f f ^ .
Two com m erc ia l  sam p les  o f  1 -p h e n y ln a p h th a l e n e  w ere 
a v a i l a b l e ,  one f ro m  K & K L a b o r a t o r i e s  and one from  Colum bia 
C hem ica l  Co. Many a t t e m p t s  w ere  made t o  p u r i f y  t h e s e  sa m p le s .  
1 - P h e n y ln a p h th a le n e  i s  a t h i c k  l i q u i d  w h ich  c a n n o t  be made to  
c r y s t a l l i z e  u n d e r  t h e  s e v e r e s t  o f  c o n d i t i o n s .  When a t t e m p t s  
a r e  made t o  ch ro m a to g ra p h  i t  on ev en  r e a s o n a b l y  a c t i v e  columns 
s i g n i f i c a n t  r e a r r a n g e m e n t  t o  2 - p h e n y ln a p h th a l e n e  o c c u r s .
A t te m p ts  w ere  made t o  p u r i f y  1 - p h e n y ln a p h th a l e n e  on a c h a r c o a l  
column and by p a p e r  ch ro m a to g rap h y  u s in g  v a r i o u s  s o l v e n t s .
No c h an g e s  w ere  a p p a r e n t  i n  t h e  e m is s i o n  s p e c t r a  a f t e r  th e s e  
p u r i f i c a t i o n  a t t e m p t s .  S e v e r a l  vacuum d i s t i l l a t i o n s  w ere  
c a r r i e d  o u t  on t h e  com m ercia l  s a m p le s .  A lth o u g h  th e  m id d le  
f r a c t i o n  o f  th e  l a s t  d i s t i l l a t i o n  showed e m is s io n  s p e c t r a  
s l i g h t l y  d i f f e r e n t  from th e  o t h e r  f r a c t i o n s ,  t h e  d i f f e r e n c e s  
w ere  n o t  l a r g e  compared w i t h  th e  p r e c i s i o n  r e s u l t i n g  from  th e  
n o i s e  l e v e l  i n  t h e  s p e c t r a .  I t  i s  l i k e l y  t h a t  b o th  com m ercia l 
s am p le s  w ere  d e r iv e d  from  d i s t i l l a t i o n  o f  c o a l  t a r .
S y n t h e t i c  1 - p h e n y ln a p h th a l e n e  was p r e p a r e d  and 
p u r i f i e d  i n  th e  manner d e s c r i b e d  i n  th e  e x p e r i m e n t a l  s e c t i o n .
The v a p o r  a b s o r p t i o n  s p e c t ru m  and a s o l u t i o n  a b s o r p t i o n  s p e c tru m
f rom  3-MP s o l u t i o n  a t  a m b ie n t  t e m p e r a t u r e  a r e  shown i n  F ig u r e  2 . 
The a b s o r p t i o n  sp e c tru m  from  a b s o l u t e  m e th an o l  s o l u t i o n  a t  
am b ie n t  t e m p e r a tu r e  and th e  a b s o r p t i o n  s p e c tru m  from  EPA s o l u t i o n  
a t  77°K a r e  shown i n  F ig u r e  3 .  A b s o r p t io n  f r e q u e n c i e s  from  th e  
v a p o r  sp e c tru m  and f ro m  th e  s o l u t i o n  sp e c tru m  i n  EPA a t  77°K 
a r e  g iv e n  i n  T a b le  I .  The f l u o r e s c e n c e  s p e c tru m  from  3-MP 
s o l u t i o n  and th e  p h o s p h o re s c e n c e  s p e c tru m  from  3-MP s o l u t i o n  
b o th  m o n i to re d  a t  77°K a r e  shown i n  F ig u r e  4 .  The f l u o r e s c e n c e  
and p h o s p h o re s c e n c e  e m is s io n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  2.
The 1 - p h e n y ln a p h th a l e n e  e m is s io n  d e n o te d  a s  e m is s io n  G. and 
m o n i to re d  from  a 3-MP s o l u t i o n  a t  77°K i n  t h e  t o t a l  e m is s io n  
mode i s  shown i n  F ig u r e  4, The e m is s io n  f r e q u e n c i e s  f o r  
e m is s io n  G. a r e  a l s o  g iv e n  i n  T a b le  XI. The e m is s io n  s p e c t r a  
o f  t h e  s y n t h e t i c  sample show s i g n i f i c a n t  d i f f e r e n c e s  from  th o s e  
r e p o r t e d  by H a r r i s .  I n  t h i s  work a h i g h l y  s t r u c t u r e d  f l u o r e s c e n c e  
was r e c o r d e d  i n  th e  r e g i o n  3300-3800.8 and a p h o s p h o re s c e n c e  
was r e c o r d e d  t h a t  h a s  v i b r a t i o n a l  b an d s  a t  5000 and 50308. The 
p h o s p h o re s c e n c e  i s  s l i g h t l y  more e n e r g e t i c  th a n  t h a t  r e p o r t e d  
by  H a r r i s .  The e m is s io n  found by H a r r i s  a t  w a v e le n g th s  be tw een  
3850 and 45008 was e a s i l y  re p ro d u c e d  from  any  sam p le .  Thiq, 
e m is s io n  i s  d e n o te d  a s  e m is s io n  G.
E m is s io n  G. was o b s e r v a b le  a t  room t e m p e r a t u r e  from
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FIGURE 2 . Vapor A b so r p tio n  and Am bient Tem perature 3-MP
S o lu t io n  A b so rp tio n  o f  1 -P h e n y ln a p h th a le n e .
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FIGURE 3 . Ambient Tem perature M ethanol and 7 7 °  K. EPA
S o lu t io n  A b so rp tio n s o f  1 -P h en y ln ap h th a len e .-
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TABLE I
A b s o r p t io n  F r e q u e n c i e s  o f  1 - P h e n y ln a p h th a le n e
V apor S pec trum
£ -1cm Av
3300 (? ) 3 0 ,3 0 0 0
3160 (? ) 3 1 ,6 5 0 1 ,3 5 0
2830 3 5 ,3 3 5 0
2793 3 5 ,8 0 0 565
2740 3 6 ,5 0 0 1 ,2 6 5
2640 3 7 ,8 8 0 2 ,5 4 5
2140 4 6 ,7 3 0 0
2
77°K From EPA S o l u t i o n  
= 1cm Av
3192 3 1 ,3 3 0 0
3140 3 1 ,8 4 5 515
3055 3 2 ,7 3 5 1 ,4 0 5
2971 3 3 ,5 7 0 2 ,240
2886 3 4 ,6 6 0 0
2800 3 5 ,7 1 5 1 ,0 5 5
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F l u o r e s c e n c e
E x c i t e d  a t  315 mu 
S l i t  0 .4 0  mm
J 1---- 1-----1___I___ I___ I___I___I___I i
400450 350500 300
P h o s p h o re s c e n c e
E x c i t e d  a t  315 mu 
S l i t  0 .8 0  mm
600 550 500
W avelen gth  mu
FIGURE 4 . F lu o r e s c e n c e  and P h o sp h o rescen ce  a t  77° K«
from  3-MP S o lu t io n  o f  1 -P h e n y ln a p h th a le n e .
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-X
3225
3320
3434
3480
3650
3850
X
4980
5325
X
3810
4000
4220
4420
TABLE I I
E m is s io n  F r e q u e n c i e s  o f  1 - P h e n y ln a p h th a le n e  
From 3-MP S o l u t i o n  a t  77°K
F lu o r e s c e n c e
-1cm
3 1 ,0 0 8  
3 0 ,120  
29 ,1 5 4  
28 ,736  
27,397 
2 5 ,9 7 4
P h o s p h o re sc e n c e
-1cm
20 ,080
18 ,780
E m is s io n  G 
-1cm
2 6 ,250  
25 ,000  
23 ,700  
22 ,625
Av
0
888
1 ,8 5 4
2 ,2 7 2
3 ,6 1 1
5 ,0 3 4
Av
0
1 ,3 0 0
Av
0
1 ,2 5 0
2 ,5 5 0
3 ,6 2 5
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E x c i t e d  a t  355 mu 
S l i t  0 .8 0  mm
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W a v e le n g th  mu 
FIGURE 5 . 1 - P h e n y l n a p h t h a l e n e ,  E m is s io n  G. M o n i to re d  
a t  77°  K. f ro m  3-MP S o l u t i o n .
h y d ro c a rb o n  s o l v e n t s ; i t  a p p e a r s  on t h e  low e n e rg y  s i d e  o f  th e  
f l u o r e s c e n c e .  The same e m is s io n  a l s o  a p p e a re d  from  h y d ro c a rb o n ,  
EPA and mixed a l c o h o l i c  s o l u t i o n s  a t  77°K when th e  t o t a l  e m is s io n  
o r  th e  p h o s p h o re s c e n c e  was o b s e r v e d .  I t  a p p e a re d  a t  t h e  low 
e n e rg y  s i d e  o f  th e  f l u o r e s c e n c e  o r  a t  t h e  h ig h  e n e rg y  s id e  o f  
t h e  p h o s p h o re s c e n c e .  T h is  e m is s io n  i s  m ost e a s i l y  o b se rv ed  by  
e x c i t a t i o n  a t  w a v e le n g th s  be tw een  3200 and 3550& w here  th e  o t h e r  
e m is s io n s  o f  1 -p h e n y ln a p h th a l e n e  a r e  o n ly  w e a k ly  s t im u la t e d  
i f  s t i m u l a t e d  a t  a l l .  A h y d ro c a rb o n  s o l u t i o n  o f  t h e  p u r i f i e d  
s y n t h e t i c  p r o d u c t  a t  77°K e x c i t e d  a t  3150& y i e l d s  a 0F/0P = 1 9 .9  
f ro m  i n t e g r a t i o n  o f  th e  e m is s io n  c u r v e s .  I d e n t i c a l  s o l u t i o n s  
o f  1 - p h e n y ln a p h th a l e n e  from  co m m erica l s o u r c e s  and from  th e  
p u r i f i e d  s y n t h e t i c  sam ple  w ere  p r e p a r e d  i n  h y d ro c a rb o n  s o l v e n t s .  
At 77°K th e  f l u o r e s c e n c e  and e m is s io n  G from  e a c h  s o l u t i o n  
w ere  c a r e f u l l y  r e c o r d e d  u n d e r  i d e n t i c a l  c o n d i t i o n s .  The 
f o l l o w i n g  q u a n t i t y  was e v a l u a t e d  b y  i n t e g r a t i o n  o f  th e  e m is s io n  
c u r v e s :
0G/0F com m erc ia l  ^  ^
0G/0F s y n t h e t i c  —
The same lo w e r in g  o f  i n t e n s i t y  o f  G was o b se rv e d  b y  com parison  
w i t h  t h e  p h o s p h o re s c e n c e  from  h y d ro c a rb o n  s o l v e n t s .  E x p e r im e n ts
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w i t h  o t h e r  s o l v e n t s  gave s i m i l a r  r e s u l t s .  I t  i s  co n c lu d e d  
from  t h i s  e v id e n c e  t h a t  e m is s i o n  G a r i s e s  f ro m  a n  im p u r i t y  i n  
th e  sam p les  o f  1 - p h e n y ln a p h th a l e n e .  The a u t h o r ,  d e s p i t e  
c o n c e r t e d  e f f o r t s ,  was n e v e r  a b l e  t o  f u r t h e r  r e d u c e  t h e  i n t e n s i t y  
o f  e m is s io n  G.
S in c e  i t  i s  c o n c lu d e d  t h a t  e m is s io n  G a r i s e s  f ro m  a 
s p e c i e s  o t h e r  t h a n  1 - p h e n y ln a p h th a l e n e ,  n a t u r a l  c u r i o s i t y  
demands t h a t  f u r t h e r  c o n s i d e r a t i o n  be g iv e n  t h i s  f l e e t i n g  
s p e c i e s .  The o n ly  a v a i l a b l e  c l u e s  a r e  th e  e m is s io n  s p e c t r a  
and t h e  e v id e n c e  t h a t  s p e c i e s  G m ust e i t h e r  be p h y s i c a l l y  v e r y  
s i m i l a r  t o  1 - p h e n y ln a p h th a l e n e  o r  show a g r e a t  c h e m ic a l  a f f i n i t y  
f o r  i t .  The p o s s i b i l i t y  o f  s e p a r a t i n g  p u re  G from  t h e  m ix tu r e  
i s  a h o p e l e s s  t a s k .  I t  w i l l  be r e c a l l e d  t h a t  NMR s p e c t r a  
i n d i c a t e d  t h a t  t h e r e  was a s m a l l  c o n c e n t r a t i o n  o f  a l i p h a t i c  
h y d ro g e n s  i n  t h e  sam p le .  The a s s u m p t io n  t h a t  th e  compound 
c o n t a i n i n g  th e  a l i p h a t i c  h y d ro g e n s  g i v e s  r i s e  t o  e m is s io n  G 
i s  t e m p t in g ,  how ever no d i r e c t  e v id e n c e  i s  a v a i l a b l e .  The 
e m is s io n  from  s p e c i e s  G shown i n  F i g u r e  5 was o b ta in e d  from  
t h e  s y n t h e t i c  sam ple  i n  a h y d ro c a rb o n  s o l u t i o n .  E x c i t a t i o n  was 
a t  3550&, E m is s io n  G, a l t h o u g h  w e a k e r  i n  t h e  s y n t h e t i c  sam ple ,  
showed much b e t t e r  v i b r a t i o n a l  r e s o l u t i o n  th a n  do s p e c t r a  from  
t h e  co m m erica l s a m p le s .  I t  i s  l i k e l y  t h a t  t h e r e  a r e  few er
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compounds o r  lo w er  c o n c e n t r a t i o n s  g i v i n g  r i s e  t o  t h e  e m is s io n
i n  r e g i o n  G i n  th e  s y n t h e t i c  sam ple  t h a n  i n  th e  co m m erc ia l  o n es .
I t  m ust be c o n c lu d e d  t h a t  e m is s i o n  G i s  a f l u o r e s c e n c e  b e c a u se
i t  i s  o b s e r v a b le  i n  h y d ro c a rb o n  s o l v e n t  a t  a m b ie n t  t e m p e r a t u r e .
From c o m p a r iso n ,  w i t h  known s p e c t r a  i t  can  be s t a t e d  t h a t  e m is s io n
G d o es  n o t  a r i s e  from  p r e d i c t e d  i m p u r i t i e s  such  a s  2 - p h e n y ln a p h th a l e n e ,
f l u o r a n t h e n e ,  2 , 3 - b e n z b ip h e n y l e n e ,  o r  an y  o f  th e  b e n z f l u o r e n e s .
I n  t h e  a b s o r p t i o n  sp e c tru m  o f  1 - p h e n y ln a p h th a l e n e  i n  3-MP s o l u t i o n
a t  a m b ie n t  t e m p e r a t u r e  i n  F ig u r e  2 th e  ^A -> t r a n s i t i o n  a p p e a r s
a s  a s t r u c t u r e l e s s  s h o u ld e r  on th e  s i d e  o f  th e  "'"A -* t r a n s i t i o n .a
1 1The A -* L t r a n s i t i o n  shows v e r y  s l i g h t  s t r u c t u r e  w i t h  peaks
a t  2810 and 2900$. The *A -» ^ B, t r a n s i t i o n  i s  s t r u c t u r e l e s s
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and c e n t e r e d  a t  2240$. The same v a p o r  a b s o r p t i o n  s p e c tru m
shown i n  F i g u r e  2 i s  o b ta in e d  from  v a p o r  i n  a f i v e  cm. q u a r t z
c e l l  on a h o t  s t a g e  o r  i n  th e  C ary  one m e te r  g a s  c e l l .  I n  th e
1 1v a p o r  s p e c t ru m  th e  A -» L, band i s  r e d  s h i f t e d  w h i l e  th eb
1 1  1 1A -» L and t h e  A -» B, t r a n s i t i o n s  a r e  b lu e  s h i f t e d .  The a b
p o s i t i v e  a b s o r p t i o n  be tw een  3100$ and 3400$ i s  a t t r i b u t e d  t o
1 1t h e  A -» t r a n s i t i o n .  S l i g h t  v i b r a t i o n a l  maxima a r e  i n d i c a t e d
a t  3160 and 3300$. The b l u e  s h i f t e d  ^A -» t r a n s i t i o n  a ta
122°C now shows c o n s i d e r a b l e  v i b r a t i o n a l  s t r u c t u r e .  At 95°C
t h e  ^A -» ^B, t r a n s i t i o n  re m a in s  s t r u c t u r e l e s s  and i s  c e n t e r e d  b.
a t  21408. The e x t i n c t i o n  c o e f f i c i e n t s  w ere  e v a l u a t e d  f o r  th e
1 1  1 1 .A -* L t r a n s i t i o n  ( 8 ,1 0 0  l . / m . c m . ) and th e  A -* B, t r a n s i t i o n  a d
(5 5 ,0 0 0  l . / m . c m . ) .  I t  i s  im p o s s ib l e  t o  o b t a i n  an  a b s o r p t i o n  
s p e c t ru m  o f  1 - p h e n y ln a p h th a l e n e  a t  77°K i n  h y d ro c a rb o n  s o l u t i o n s  
e i t h e r  i n  one c e n t i m e t e r  c e l l s  o r  i n  two c e n t i m e t e r  q u a r t z  
t u b e s .  P r e c i p i t a t i o n  o f  p a r t i c l e s  w h ic h  s c a t t e r  b a d ly  t a k e s  
p l a c e .  F ig u r e  3 shows th e  r e s u l t s  o f  s e v e r a l  a t t e m p t s  t o  o b t a i n  
t h e  a b s o r p t i o n  s p e c t ru m  o f  EPA s o l u t i o n s  a t  77°K i n  two c e n t i m e t e r  
t e s t - t u b e s .  A l th o u g h  th e  s o l u t i o n  a t  77°K a p p e a r s  c l e a r  some 
s c a t t e r i n g  s t i l l  t a k e s  p l a c e .  I t  i s  th o u g h t  t h a t  t h e  b an d s  and
s h o u l d e r s  a t  31928, 314oR, 30558, and  297l8 b e lo n g  t o  th e
1 1  1 1  A -* t r a n s i t i o n  and  a r e  su p e r im p o sed  on th e  A -»
t r a n s i t i o n  w h ich  shows v i b r a t i o n a l  p e a k s  a t  2886 and 28008.
F o r  t h e  p r e s e n t  d i s c u s s i o n  e m is s io n  G. w i l l  n o t  be
c o n s id e r e d  t o  be t h a t  o f  th e  1 - p h e n y ln a p h th a l e n e  m o le c u le .  I t
i s  r e c o g n i z e d  t h a t  t h e  f l u o r e s c e n c e  and p h o s p h o re s c e n c e  may be
somewhat p e r t u r b e d  b e c a u se  th e  sam p les  a r e  i n  a n  im pure s t a t e .
N e v e r t h e l e s s  i t  w i l l  be assum ed t h a t  th e  s p e c t r a  i n  F ig u r e  3
a r e  c h a r a c t e r i s t i c  o f  th e  s p e c i e s ,  1 - p h e n y ln a p h th a l e n e .  The
p h o s p h o re s c e n c e  i s  c o n s id e r e d  t o  be t y p i c a l  o f  a n  e m is s io n
3
o r i g i n a t i n g  from  a L s t a t e .  The f l u o r e s c e n c e  o f  1 - p h e n y l -  
n a p h t h a l e n e  shows c o n s i d e r a b l e  s t r u c t u r e  and  i s  c o n s id e r e d  t o
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be t y p i c a l  o f  a *A «- ”4 ^  t r a n s i t i o n .
The f a c t  t h a t  v i b r a t i o n a l  s t r u c t u r e  i s  o b s e r v a b le  
b o th  i n  a b s o r p t i o n  and e m is s io n  s p e c t r a  a t  77°K i m p l i e s  t h a t  a 
h ig h  p o p u l a t i o n  o f  m o le c u le s  w i t h  a f i x e d  e q u i l i b r i u m  a n g le
be tw ee n  p h e n y l  and n a p h th y l  r i n g s  e x i s t s  b o th  i n  t h e  ground and
1 41e x c i t e d  s t a t e s .  H ollow ay h a s  p r e d i c t e d  t h a t  th e  e n e r g y
1 1  1 1  o f  th e  A -* t r a n s i t i o n  a s  w e l l  a s  t h a t  o f  t h e  A -* Lg
t r a n s i t i o n  w i l l  be  a f u n c t i o n  o f  th e  a n g l e  b e tw ee n  th e  r i n g s
o f  2 - p h e n y ln a p h th a l e n e .  I f  a  s i g n i f i c a n t  d i s t r i b u t i o n  o f  m o le c u le s
w i t h  d i f f e r e n t  a n g l e s  b e tw een  r i n g s  e x i s t s ,  i t  w ou ld  be e x p e c te d
t h a t  a l l  f i n e  s t r u c t u r e  w ould  be  l o s t  due to  t h e  s u p e r p o s i t i o n
o f  many t r a n s i t i o n s  o f  s l i g h t l y  d i f f e r e n t  e n e r g i e s .  H ollow ay
co n c lu d e d  t h a t  th e  p o t e n t i a l  e n e rg y  c u rv e  f o r  t h e  2 - p h e n y l - ,
n a p h t h a le n e  g round  s t a t e  e x h i b i t e d  two m inim a; one  c o r r e s p o n d in g
t o  a  p l a n a r  c o n f i g u r a t i o n  and th e  o t h e r  c o r r e s p o n d in g  to  a n
a n g l e  b e tw ee n  r i n g s  o f  3 5 ° - 4 0 ° .  He a l s o  c o n c lu d e d  t h a t  t h e
e x c i t e d  s t a t e  was p l a n a r  and had a  p o t e n t i a l  e n e rg y  c u rv e
e x h i b i t i n g  o n ly  one minimum.
T h is  c l e a r l y u e a n i i o t  be . th e . .c a s e  f o r ' • 1 - p h e n y ln a p h th a l e n e .
^ H . E .  H o llow ay , i b i d .
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The p o t e n t i a l  e n e r g y  cu rv e  w i th  r e s p e c t  t o  r i n g  r o t a t i o n  w i l l  
be d e f in e d  by  th e  sum o f  two com peting  e n e r g e t i c  f a c t o r s .  The 
f i r s t  f a c t o r  i s  t h e  t e n d e n c y  tow ard  p l a n a r i t y  due t o  t h e  pz
o r b i t a l  o v e r l a p  a c r o s s  t h e  bond b e tw ee n  r i n g s .  The com peting
p r o c e s s  i s  th e  t e n d e n c y  tow ard  n o n p l a n a r i t y  b e c a u se  o f  th e
s t e r i c  r e p u l s i o n s  o f  t h e  9 -1 2  and th e  2 -1 6  h y d ro g e n s .  Because
o f  t h e  g eo m e try  o f  t h e  m o le c u le  t h e  r e p u l s i o n  e n e rg y  due t o  th e
o v e r l a p  o f  t h e  9 -1 2  h y d ro g en s  m ust become v e r y  l a r g e  a s  th e
r i n g s  become c o p l a n a r .  B ecause  o f  t h i s  f a c t ,  t h e r e  c a n  be no
p o s s i b i l i t y  f o r  an  e n e rg y  minimum e i t h e r  i n  th e  g ro u n d  s t a t e  
I
o r  i n  t h e  e x c i t e d  s t a t e  i n  th e  p l a n a r  c o n f i g u r a t i o n  of 
1 - p h e n y ln a p h th a l e n e .  I n  t h e  t h e o r e t i c a l  s e c t i o n  t h e  m o lecu le  
w i l l  be f u r t h e r  c o n s i d e r e d .  The c o n c e p ts  t r e a t e d  q u a l i t a t i v e l y  
h e r e  w i l l  be g iv e n  a q u a n t i t a t i v e  b a s i s .
B. The S p e c t r a  o f  3 . 4 . 5 . 6 -D ib e n z f lu o re n e
M icrowave s t u d i e s  o f  f l u o r e n e  i n d i c a t e  t h a t  i t  i s
42p l a n a r  w i t h i n  e x p e r i m e n t a l  e r r o r .  A l l  t h e  b e n z f l u o r e n e s  and 
d i b e n z f l u o r e n e s  a r e  compounds t h a t  a r e  p resum ed , a s  a  f i r s t  
a p p r o x im a t io n ,  t o  be p l a n a r .
42D.M. B urns  and J .  I b a l l ,  P r o c .  Roy. S o c . . A227, 200
(1 9 5 5 ) .
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I f  3 , 4 , 5 , 6 - d i b e n z f l u o r e n e  w ere  p l a n a r  i t  would h av e  
sym m etry . However m o d e ls  show t h a t  th e  12 -  and 1 3 -h y d ro g e n s  
a r e  s u b j e c t  t o  s e v e r e  r e p u l s i o n .  I t  i s  l i k e l y  t h a t  th e  n a p h th a le n e  
r i n g s  re m a in  n e a r l y  p l a n a r  and a r e  r o t a t e d  w i t h  r e s p e c t  t o  e a c h  
o t h e r  a b o u t  t h e  f u s i n g  bond w i t h  t h e  m e th y le n e  b r i d g e  s u f f e r i n g  
most o f  t h e  d i s t o r t i o n  f ro m  i d e a l  bond a n g l e s .  The amount o f  
r o t a t i o n  o f  t h e  r i n g s  w i t h  r e s p e c t  t o  e a c h  o t h e r  m ust be t h e  
r e s u l t  o f  a  sum m ation o f  t h e  e n e rg y  l o s t  b e c a u s e  of. r o t a t i o n  
o f  t h e  n a p h t h a l e n e  p i - c l o u d s  away from  c o - p l a n a r i t y  and t h e  
e n e rg y  g a in e d  by  lo w e r in g  o f  th e  r e p u l s i o n  e n e r g y  b e tw een  th e  
i n t e r f e r r i n g  h y d ro g e n s .
The a b s o r p t i o n  s p e c t r a  o f  3 , 4 , 5 , 6 - d i b e n z f l u o r e n e  i n  
3-MP s o l u t i o n  a t  am b ien t  t e m p e r a t u r e  and i n  IPMP s o l u t i o n  a t  
77°K a r e  shown i n  F ig u r e  6 .  The t r a n s i t i o n  f r e q u e n c i e s  o b s e rv e d  
i n  t h e  a b s o r p t i o n  s p e c t r a  a r e  g iv e n  i n  T a b le  I I I .  The f l u o r e s c e n c e  
and p h o s p h o re s c e n c e  s p e c t r a  from  IPMP s o l u t i o n s  a t  77°K a r e  shown 
i n  F i g u r e  7 .  The e m is s io n  t r a n s i t i o n  f r e q u e n c i e s  a r e  g iv e n  
i n  T a b le  IV .
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FIGURE 6* A m bient T e m p e ra tu re  and 77°K* A b s o r p t io n s  o f  
3 , 4 , 5 , 6 - D ib e n z f lu o r e n e  from  3-MP and IPMP S o lu t io n s *
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TABLE XII
A b s o r p t io n  F r e q u e n c i e s  o f  3 , 4 , 5 , 6 - D ib e n z f lu o r e n e
A m bient T e m p e ra tu re  from  3-MP S o l u t i o n
- Icm
3602 2 7 ,7 6 2
3445 29 ,0 2 8
3377 2 9 ,6 1 2
3308 3 0 ,2 3 0
2750 3 6 ,3 6 4
2600 3 8 ,4 6 2
2515 39 ,761
2432 4 1 ,1 1 8
2387 4 1 ,8 9 6
2152 4 1 ,4 6 8  
77°K From IPMP S o l u t i o n
£ -1cm Av
3655 2 7 ,3 6 0 0
3626 2 7 ,5 7 8 218
3593 2 7 ,8 3 2 472
3472 2 8 ,8 0 2 1 ,4 4 2
3319 3 0 ,1 3 0 2 ,770
2774 3 6 ,0 4 9 0
2659 3 7 ,6 0 8 0
2617 3 8 ,2 1 2 604
2574 3 8 ,8 5 0 1 ,2 4 2
2530 3 9 ,5 2 5 1 ,917
2457 4 0 ,7 0 0 0
2400 41 ,667 967
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F lu o r e s c e n c e
E x c i t e d  a t  3 4 4 .5  mu 
PM gain. 4 S l i t  0 .1 2 0  mm
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FIGURE 7 . F lu o r e sc e n c e  and P hosp horescen ce o f .
3 , 4 , 5 , 6 -D ib en x flu o ren e  from IPMP S o lu t io n  a t  7 7 °  K.
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X
3682
3703
3731
3863
3880
3952
4090
4320
TABLE IV
F lu o r e s c e n c e  F r e q u e n c i e s  o f  
3 , 4 , 5 , 6 - D ib e n z f lu o r e n e
77°K From IPMP S o l u t i o n  
-1cm
2 7 ,1 5 9
2 7 ,0 0 5
2 6 ,8 0 2
25 ,887
2 5 ,7 7 3
2 5 ,3 0 4
24 ,4 5 0
2 3 ,1 4 8
Av
0
154
357
1 ,2 7 2
1 ,3 8 6
1 ,8 5 5
2 ,709
4 ,0 1 1
C. The S p e c t r a  o f  3 .4 - B e n z f lu o r e n e
M odels  i n d i c a t e  th e  5- and  th e  1 2 -h y d ro g e n s  o f  t h i s  
compound a r e  v e r y  n e a r  e a c h  o th e r  b u t  do n o t  a p p e a r  t o  o v e r la p  
a s  do the  i n t e r f e r r i n g  h y d ro g e n s  i n  3 , 4 , 5 , 6 - d i b e n z f l u o r e n e .  
T h e re  w i l l  b e  no l o s s  o f  symmetry i f  th e  r i n g  sy s te m s  a r e  
r o t a t e d  w i th  r e s p e c t  t o  e a c h  o t h e r .  A gain  t h e r e  w i l l  be an 
e n e r g e t i c  b a l a n c e  d e te rm in e d  by r o t a t i o n  o f  th e  r i n g s  ab o u t  
t h e  f u s in g  b o n d .  S in c e  t h e  h y d ro g e n -h y d ro g e n  r e p u l s i o n  te rm  
i s  much s m a l l e r  th e  a n g l e  o f  r o t a t i o n  i s  s m a l l e r  i n  t h e  case  o f  
3 , 4 - b e n z f l u o r e n e  th a n  i n  t h a t  o f  3 , 4 , 5 , 6 - d i b e n z f l u o r e n e .
The a b s o r p t i o n  s p e c t r a  o f  3 , 4 - b e n z f l u o r e n e  from  
IPMP s o l u t i o n s  a t  a m b ie n t  t e m p e r a tu r e  and a t  77°K a r e  shown 
i n  F ig u r e  8 .  The a b s o r p t i o n  s p e c t ru m  from  a b s o l u t e  m e thano l 
s o l u t i o n  a t  am b ien t  t e m p e r a t u r e  i s  shown i n  F i g u r e  9 .  The 
a b s o r p t i o n  t r a n s i t i o n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  V. The 
f l u o r e s c e n c e s  a t  77°K f ro m  3-MP s o l u t i o n  and a t  4°K from  IPMP 
a r e  shown i n  F ig u r e  10 and th e  e m is s io n  f r e q u e n c i e s  a r e  g iv e n  
i n  T ab le  V I .  3 , 4 - B e n z f lu o re n e  a l s o  e x h i b i t s  a c o n c e n t r a t i o n  
d e p e n d e n t  e x c im e r  e m is s i o n .  T h is  e x c im e r  e m is s io n  and th e  
p h o s p h o re s c e n c e  e m is s io n  from  3-MP s o l u t i o n s  a t  77°K a r e  
d e p i c t e d  i n  F i g u r e  11 . The i n t e n s e  e m is s io n  i n  t h e  ex c im er  
s p e c tru m  b e g in n in g  a t  a b o u t  5000& i s  th e  l e a d i n g  edge  o f  th e
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m o l e c u la r  p h o s p h o r e s c e n c e .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  o n ly  a s l i g h t  im provement 
i n  th e  r e s o l u t i o n  o f  t h e  s t r u c t u r e  o f  th e  f l u o r e s c e n c e  was 
o b s e rv e d  when th e  t e m p e r a tu r e  was low erdd  f ro m  77°K t o  a b o u t  
4°K. The r e s o l u t i o n  was n o t  l i m i t e d  by  th e  s l i t s  and o p t i c s  
i n  th e  C ary  s p e c t r o p h o t o m e t e r .  A l th o u g h  t h e  n o i s e  l e v e l  
r e s u l t i n g  f ro m  o p e r a t i n g  a t  h ig h  p h o t o m u l t i p l i e r  tu b e  v o l t a g e s  
w as a n n o y in g  i t  d id  n o t  a f f e c t  th e  r e s o l u t i o n  o f  t h i s  p a r t i c u l a r  
s p e c t ru m .  I t  a p p e a r s  t h a t  i n  t h i s  c a s e  t h e r e  was l i t t l e  i n c r e a s e  
i n  r e s o l u t i o n  o f  t h e  v i b r a t i o n a l  s t r u c t u r e  t o  be g a in e d  by 
lo w e r in g  t h e  t e m p e r a t u r e .  W he th e r  t h i s  e f f e c t ,  o r  t h e  l a c k  o f  
i t ,  i s  a  phenomenon w h ic h  w i l l  be g e n e r a l l y  o b s e rv e d  i n  e m is s io n s  
f ro m  h y d ro c a rb o n  s o l u t i o n s  a t  4°K re m a in s  t o  be d e t e r m in e d .
The d i s c o v e r y  t h a t t t h i s  mixed h y d ro c a rb o n  g l a s s  can  be u se d  a t  
4°K i s  a p o t e n t i a l l y  im p o r t a n t  one and f u r t h e r  i n v e s t i g a t i o n  o f  
i t s  u s e s  s h o u ld  be c a r r i e d  o u t .
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FIGURE 8 . Ambient T em perature and 77° K. A b so r p tio n  o f
3 , 4 -B e n z f lu o r e n e  from  IPMP S o lu t io n .
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%
3350
3275
3110
3000
2620
2510
2320
TABLE V
A b s o r p t io n  F r e q u e n c i e s  and E x t i n c t i o n  
C o e f f i c i e n t s  o f  3 , 4 -B e n z f lu o re n e
Ambient T e m p e ra tu re  f rom  M eth an o l S o l u t i o n
cm e ( l . / m . ' c m . ) x l 0 ^
2 9 ,8 5 1  1 .4 5
3 0 ,5 3 4  1 .1 2
3 2 ,1 5 4  1 .5 3
3 3 ,3 3 3  1 .1 2
3 8 ,1 6 8  0 .6 2
3 9 ,8 4 1  1 .5 5
4 3 ,1 0 3  4 .6 7
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T a b le  V (c o n tin u e d )
A m bient T e m p e ra tu re  f ro m  IPMP S o l u t i o n
2 - lcm
3345 2 9 ,8 9 5
3280 3 0 ,4 4 8
3210 3 1 ,1 5 3
3135 3 1 ,8 9 8
3105 3 2 ,2 0 2
3020 3 3 ,1 1 2
2975 3 3 ,6 1 3
2680 3 7 ,3 1 3
2620 3 8 ,1 6 8
2505 3 9 ,9 2 0
2465 4 0 ,5 6 8
2400 4 1 ,6 6 7
2305 4 3 ,3 8 4
2140 4 6 ,7 2 9
2100 4 7 ,6 1 9
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T ab le V (C ontinued)
77°K From IPMP S o l u t i o n
8 -1cm Av
3365 2 9 ,7 3 5 0
3324 3 0 ,0 8 4 249
3301 3 0 ,2 9 4 559
3291 3 0 ,3 8 6 651
3249 3 0 ,7 7 9 1 ,0 4 4
3225 3 1 ,0 0 8 1 ,2 7 3
3214 3 1 ,1 1 4 1,379
3147 3 1 ,7 7 6 2,041
3117 3 2 ,0 8 2 2 ,347
3104 3 2 ,2 1 6 2,481
3014 3 3 ,1 7 8 3 ,4 4 3
2764 3 6 ,1 8 0 0
2684 3 7 ,2 5 8 0
2639 3 7 ,8 9 3 635
2595 3 8 ,5 3 6 1 ,278
2519 3 9 ,6 9 8 0
2480 4 0 ,3 2 2 624
2432 4 1 ,1 1 8
2411 4 1 ,4 7 6
2317 4 3 ,1 5 9
2141 4 6 ,7 0 7
2069 4 8 ,3 3 3
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FIGURE 9 . A m bien t T e m p e ra tu re  A b s o r p t i o n  o f  
3 , 4 - B e n z f l u o r e n e  f ro m  M eth an o l S o l u t i o n .
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FIGURE 10. F l u o r e s c e n c e  o f  3 , 4 - B e n z f l u o r e n e  f ro m  3-MP 
S o l u t i o n  a t  7 7 °  K. and IPMP S o l u t i o n  a t  4 °  K.
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3585
3713
3735
3915
X
3376
3424
3497
3530
3553
3591
3714
3737
3920
£
5181
5311
5565
5614
TABLE VI
E m is s io n  F r e q u e n c ie s  o f  3 , 4 -B e n z f lu o re n e
F lu o r e s c e n c e  from  3-MP S o lu t i o n  a t  77°K
-1cm
2 9 ,6 3 0
2 9 ,2 1 4
2 8 ,3 2 9
2 7 ,8 9 4
2 6 ,9 3 2
2 6 ,7 7 4
2 5 ,5 4 3
F lu o r e s c e n c e  from  IPMP S o l u t i o n  a t  4°K
-1cm
2 9 ,6 2 0  
2 9 ,2 0 6  
2 8 ,5 9 6
2 8 ,3 2 9  
2 8 ,1 4 5  
27 ,847  
2 6 ,9 2 5  .
2 6 ,7 5 9
2 5 ,5 1 0
P h o s p h o re sc e n c e  from  .3-MP S o l u t i o n  a t  77°K
-1, cm
1 9 ,3 0 1
1 8 ,8 2 0
1 7 ,9 6 9
1 7 ,8 1 3
Av
0
416
1 ,301
1 ,736
2 ,6 9 8
2 ,8 5 6
4 ,087
Av
0
414
1 ,0 2 4
1 ,291
1 ,4 7 5
1 ,7 7 3
2 ,6 9 5
2 ,861
4 ,1 1 0
Av
0
472
1 ,3 3 2
1 ,4 8 8
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FIGURE 1 1 . P h o sp h o rescen ce  and Excim er E m issio n  o f
3 , 4 -B e n z f lu o r e n e  from  3-MP S o lu t io n  a t  77°K.
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D. The S p e c t r a  o f  B e n z a n th re n e
A l th o u g h  th e  1 -  and 1 1 -h y d ro g e n s  a r e  r e a s o n a b l y  c l o s e ,  
f r o m m o d e l s  . i t  a p p e a r s  t h a t  t h e r e  w i l l  be l i t t l e  s t e r i c  h in d r a n c e  
b e tw ee n  them . However, t h e  s ix -m em bered  r i n g  t h a t  c o n t a in s  
t h e  m e th y len e  b r id g e  c a n  no lo n g e r  be c o n s id e r e d  t o  be a t  a 
m in im a l e n e rg y  when th e  w ho le  ca rb o n  s k e l e t o n  l i e s  i n  a  p l a n e .
The m ethy lene ca rb o n  t e n d s  t o  bend o u t  o f  t h e  m o l e c u la r  p l a n e .
When t h i s  o c c u r s ,  i t  f o l l o w s  t h a t  t h e  r i n g s  m ust be  s l i g h t l y  
skewed w i th  r e s p e c t  t o  e a c h  o t h e r .  I f  th e  fu s in g - b o n d  l e n g t h  
i s  i n t e r m e d i a t e  be tw een  t h a t  o f  a C-C s i n g l e  bond and t h a t  o f  
a n  a r o m a t i c  C-C bond ( c l o s e r  t o  t h e  fo rm e r )  t h e  s t e r i c  s t r a i n  
t e n d i n g  to  f o r c e  th e  m e th y le n e  c a rb o n  o u t  o f  t h e  m o le c u la r
p l a n e  w i l l  become s m a l l e r  a s  th e  b o n d in g  a t  t h i s  c a rb o n
2 3a p p ro a c h e s  sp  r a t h e r  t h a n  sp . T h i s  s h o u ld  hav e  a d i s t i n c t
e f f e c t  on t h e  a c i d i t y  o f  th e  m e th y le n e  h y d ro g e n s .  F u r t h e r
comments on t h i s  s u b j e c t  w i l l  be made l a t e r .  C o n s id e r in g
t h e  g r o s s  g e o m e try ,  i t  c a n  be s a id  w i t h  a s s u r a n c e  t h a t  th e
a r o m a t i c  r i n g s  a r e  s l i g h t l y  skewed from  c o p l a n a r i t y  i n  th e
m o le c u la r  g ro u n d  s t a t e .
The a b s o r p t i o n  s p e c t r a  o f  b e n z a n th r e n e  i n  i s o p r o p a n o l
s o l u t i o n  a t  a m b ie n t  t e m p e r a t u r e  and i n  IPMP s o l u t i o n  a t  77°K
a r e  shown i n  F ig u r e  12 . The t r a n s i t i o n  f r e q u e n c i e s  and e x t i n c t i o n
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FIGURE 12 . Am bient Tem perature and 7 7 ° K. A b so rp tio n  o f
B enzanthrene from  iso p r o p a n o l and IPMP S o lu t io n s .
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c o e f f i c i e n t s  a r e  g iv e n  i n  T ab le  V I I .  The f l u o r e s c e n c e  and 
p h o s p h o re s c e n c e  s p e c t r a  o f  b e n z a n th r e n e  i n  3-MP s o l u t i o n s ,  a t  
77°K a r e  shown i n  F ig u r e  13 and t h e  t r a n s i t i o n  f r e q u e n c i e s  a r e  
g iv e n  i n  T a b le  V I I I .  E m is s io n s  o f  p h o to c h e m ic a l  d e c o m p o s i t io n  
p r o d u c t s  t h a t  w ere  m o n i to re d  by means o f  th e  p h o s p h o re s c e n c e  
t e c h n iq u e  a r e  shown i n  F ig u r e  14 . I n  a  l a t e r  s e c t i o n  t h i s  
p h o to c h e m ic a l  r e a c t i o n  w i l l  be c o n s id e r e d  f u r t h e r .
E . The S p e c t r a  o f  2 .3 -B e n z f lu o r e n e
2 ,3 -B e n z f lu o r e n e  s u f f e r s  none o f  th e  d i s t o r t i o n s  due 
to  h y d ro g en  r e p u l s i o n s  t h a t  o c c u r  i n  th e  o t h e r  members o f  t h i s  
s e r i e s .  I f  f l u o r e n e  i s  p l a n a r ,  2 ,3 - b e n z f l u o r e n e  s h o u ld  a l s o  be 
p l a n a r .
The a b s o r p t i o n  s p e c t r a  o f  2 , 3 -^b en zf lu o ren e  i n  IPMP 
s o l u t i o n s  a t  a m b ie n t  t e m p e r a t u r e  and  a t  77°K a r e  shown i n  
F ig u r e  15 . The a b s o r p t i o n  t r a n s i t i o n  f r e q u e n c i e s  and e x t i n c t i o n  
c o e f f i c i e n t s  a r e  g iv e n  i n  T ab le  IX . The f l u o r e s c e n c e  from  
IPMP s o l u t i o n  a t  77°K i s  shown i n  F ig u r e  16. T h i s  f l u o r e s c e n c e  
i s  ex t ifem e ly  s t r u c t u r e d  and shows v i b r a t i o n a l  bands  so  narrow  
t h a t  t h e  s p e c t ru m  a p p e a r s  much l i k e  an  a to m ic  e m is s io n  sp e c tru m .
The p h o s p h o re s c e n c e  s p e c tru m  from  IPMP s o l u t i o n  a t  77°K i s  a l s o  
shown i n  F ig u r e  16. The e m is s io n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  X.
65
TABLE V II
A b s o r p t io n  F r e q u e n c i e s  and  E x t i n c t i o n  
C o e f f i c i e n t s  o f  B e n z a n th re n e
Am bient T e m p e ra tu re  from  I s o p r o p a n o l  S o l u t i o n  
£  cm e ( l» A a .c n u J x lO ^
3460 28 ,9 0 2 1 .3 4
3437 2 9 ,0 9 5 1 .3 1
3287 3 0 ,4 2 3 1 .6 4
3171 3 1 ,5 3 6 1 .2 6
2559 3 9 ,0 7 8 • h-» 00
2472 4 0 ,4 5 3 1 .5 7
2378 4 2 ,0 5 2 1 .4 5
2287 4 3 ,7 2 5 1 .4 4
2230 4 4 ,8 4 3 4 .0 6
77°K From IPMP S o l u t i o n
£ cm ^ Av
3495 28 ,612 0
3460 28 ,901 289
3322 3 0 ,1 0 2 1 ,4 9 0
3170 31 ,5 4 6 2 ,9 3 4
3035 32 ,949 4 ,3 3 7
2962 33 ,7 6 1 0
2917 3 4 ,2 8 2 ?
2849 3 5 ,1 0 0 1
2570 3 8 ,910 0
2485 40 ,241 1 ,3 3 1
2398 4 1 ,7 0 1 2 ,7 9 1
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F lu o r e s c e n c e
E x c i t e d  a t  339 -  343 mu 
w i t h  1000 w. Xe lamp • 
PM g a in  4 S l i t  0 .5 3  mm
500 450 400 350
700 650 600 550 .
W av e len g th  mu
FIGURE 13. F l u o r e s c e n c e  and P h o s p h o re s c e n c e  a t  77°  K. o f  
B e n z a n th re n e  f ro m  3-MP S o l u t i o n .
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£
3512
3561
3700
3903
4130
£
5510
5640
5900
TABLE V I I I  
E m is s io n  F r e q u e n c i e s  o f  B e n z a n th re n e
F l u o r e s c e n c e  from 3-MP S o l u t i o n  a t  77°K
-1cm
2 8 ,4 7 4
2 8 ,0 8 2
27 ,0 2 7
2 5 ,6 2 1
2 4 ,2 1 3
P h o s p h o re sc e n c e  f ro m  3bMP S o l u t i o n  a t  77°K
-1cm
1 8 ,1 4 9
1 7 ,7 3 0
1 6 ,9 4 9
Av
0
390
1 ,447
2 ,8 5 3
4 ,2 6 1
Av
0
419
1,200
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E x c i t e d  w i t h  A-H6
S l i t  3 .0  mm
600 550 500
W av e len g th  mu 
o
FIGURE 14. P h o s p h o re s c e n c e  a t  77 K. from  3-MP S o l u t i o n  o f  
B e n z a n th re n e  p h o to d e c o m p o s i t io n  P r o d u c t s .
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A m bient T e m p e ra tu re
X 3 .2 5
300350 200
wo
%
3ocnW<3
400 350 300 250
W a v e le n g th  mu
FIGURE 15. A m bient T e m p e ra tu re  and 77° K„ A b s o r p t io n  o f  
2 , 3 - B e n z f lu o r e n e  from  IPMP S o l u t i o n .
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TABLE XX
A b s o r p t io n  F r e q u e n c i e s  and  E x t i n c t i o n  
C o e f f i c i e n t s  o f  2 , 3 - B e n z f lu o r e n e
A m bient T e m p e ra tu re  from  IPMP S o l u t i o n
s -1cm
3397 2 9 ,4 3 8
3315 3 0 ,1 6 6
3242 3 0 ,8 4 5
3153 3 1 ,716
3113 32 ,1 2 3
3021 3 3 ,1 0 2
2900 3 4 ,4 8 3
2844 35 ,1 6 2
2726 3 6 ,6 8 4
2623 3 8 ,1 2 4
2527 3 9 ,5 7 3
2455 4 0 ,7 3 3
2377 4 2 ,0 7 0
2251 4 4 ,4 2 5
2212 4 5 ,2 0 8
2154 4 6 ,425
e ( l .  /m .c m .) x l0  
0 .7 0 0  
0 .2 3 9  
0 .6 4 4  
2 .0 4  
1 .1 6  
1 .5 8  
0 .8 8 3  
1 .1 4  
1 .3 2  
6 .9 5  
4 .7 8  
2 .2 4  
1 .8 4  
2 .6 5  
3 .1 3  
3 .7 5
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T ab le IX (C ontinued)
77°K From IPMP S o lu t io n
2 - 1cm Av
3397 2 9 ,4 3 8 0
3355 2 9 ,8 0 6 368
3316 3 0 ,1 5 7 719
3287 3 0 ,4 2 3 -^ 9 8 5
3245 3 0 ,8 1 7 1 ,3 7 9
3185 31 ,3 9 7 0
3136 3 1 ,8 8 8 491
3103 32 ,2 2 7 830
3047 3 2 ,8 1 9 1 ,4 2 2
3005 3 3 ,2 7 8 1 ,8 8 1
2927 3 4 ,1 6 5 2 ,7 6 8
2855 3 5 ,0 2 6 0
2730 3 6 ,6 3 0 ?
2655 3 7 ,6 6 5 0
2507 3 9 ,8 8 8 2 ,2 2 3
2456 4 0 ,7 1 7
2388 4 1 ,8 7 6
2273 4 3 ,9 9 5
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P h o sp h o re sc e n c e F lu o r e s c e n c e
E x c i te d  w i t h  A-H6 
S l i t  1 .0 0  mm
E x c i t e d  a t  315 mu
S l i t  0 .1 8 0  mm
S l i t  0.29mm
550 500 400
W a v e le n g th  mu
350
FIGURE 16. F l u o r e s c e n c e  and P h o s p h o re s c e n c e  a t  77°K. o f  
'2, 3 -B enzf l u o r e n e  from  IPMP S o l u t i o n .
TABLE X
&
E m is s io n  F r e q u e n c i e s  o f  2 ,3 - B e n z f lu o r e n e
F lu o r e s c e n c e  from  IPMP S o l u t i o n  a t  77°K
-1cm Av
3400 2 9 ,4 1 2 0
3489 2 8 ,6 6 2 750
3568 28 ,027 1 ,3 8 5
3669 2 7 ,2 5 5 2,157
3765 2 6 ,5 6 0 2 ,8 5 2
3875 2 5 ,8 0 6 3 ,6 0 6
£
P h o s p h o re sc e n c e  fro m  IPMP S o l u t i o n  a t  77°K
-1cm Av
4992 2 0 ,0 3 0 0
5115 1 9 ,5 5 0 580
5205 1 9 ,210 820
5368 1 8 ,6 3 0 1 ,4 0 0
5425 1 8 ,4 3 0 1 ,6 0 0
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f , .  The S p e c t r a  o f  1 . 2 - B e n z f lu o re n e
The e l e c t r o n i c  s p e c t r a  o f  1 , 2 - b e n z f l u o r e n e  have b een
43r e c e n t l y  r e p o r t e d  by  H o llow ay . S ince  t h e  compound i s  an  
im p o r t a n t  member o f  t h e  s e r i e s  s t u d i e d  i n  t h i s  w ork i t s  
e l e c t r o n i c  s p e c t r a  a r e  re p ro d u c e d  from  t h e  d i s s e r t a t i o n  o f  
H o llow ay . The a b s o r p t i o n  s p e c t r a  o f  1 , 2 - b e n z f l u o r e n e  i n  3-MP 
s o l u t i o n s  a t  am b ien t  t e m p e r a t u r e  and a t  77°K a r e  shown in  
F i g u r e  17 , and th e  a b s o r p t i o n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  X I. 
The 77°K f l u o r e s c e n c e  and  p h o s p h o re s c e n c e  s p e c t r a  f ro m  3-MP 
s o l u t i o n s  a r e  shown i n  F ig u r e  18 and th e  e m is s io n  f r e q u e n c i e s  
a r e  g iv e n  i n  T a b le  X I I .
L ik e  2 , 3 - b e n z f l u o r e n e ,  1 , 2 - b e n z f l u o r e n e  s h o u ld  have  
no s i g n i f i c a n t  h y d ro g e n -h y d ro g e n  i n t e r a c t i o n s  and sh o u ld  be 
p l a n a r .  U n l ik e  2 , 3 - b e n z f l u o r e n e  i n  w h ich  th e  p h e n y l  r i n g  
i n t e r a c t s  o n ly  l o n g - a x i s  w i t h  t h e  n a p h th a le n e  r i n g e ,  i n
1 , 2 - b e n z f l u o r e n e  t h e  p h e n y l  r i n g  i n t e r a c t s  l o n g - a x i s  w i t h  t h e  
n a p h t h a l e n e  r i n g  t h r o u g h  th e  f u s i n g  bond and s h o r t - a x i s  th r o u g h  
th e  b r i d g i n g  g ro u p .
G. The S p e c t r a  o f  2 - P h e n y ln a p h th a le n e
H ollow ay  h a s  a l s o  r e p o r t e d  t h e  e l e c t r o n i c  p r o p e r t i e s
43 H .E . H o llow ay , l o c .  c i t .
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A m bient T e m p e ra tu re
Ho
%
sowW<
X 3 .8 0
2 2 . 0
200250300350
X 6 .2 0
200300 250350
W a v e le n g th  mu
o
FIGURE 1 7 .  A m bien t T e m p e ra tu re  and 77 K. A b s o r p t i o n  o f
1 , 2 - B e n z f l u o r e n e  f ro m  3-MP S o l u t i o n .
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TABLE XI
A b s o r p t io n  F r e q u e n c i e s  and E x t i n c t i o n  
C o e f f i c i e n t s  o f  1 , 2 -B e n a f lu o re n e
Ambient T e m p e ra tu re  from  3-MP S o l u t i o n
2 -1cm e ( l . / m .  cm. )x!
3445 2 9 ,0 2 8 0 .1 1 0
3395 2 9 ,4 5 5 0 .1 1 0
3360 2 9 ,7 6 2 0 .0 6 8
3280 3 0 ,4 4 8 0 .1 7 1
3240 3 0 ,8 6 4 0 .1 6 2
3150 31 ,746 1 .1 9
3025 3 3 ,0 5 8 1 .2 8
2930 34 ,130 1 .3 2
2875 34 ,783 1 .1 0
2620 38 ,168 8 .4 5
2575 3 8 ,8 3 5 4 .  57
2530 39 ,5 2 6 5 .2 8
2485 4 0 ,2 4 1 2 .5 9
2445 40 ,9 0 0 2 .2 3
2370 4 2 ,1 9 4 1 .8 2
2130 46 ,9 4 8 2 .6 8
2070 48 ,3 0 9 2 .47
2010 49 ,7 5 1 2 .5 6
77
T able XI (C ontinued)
%
77°K From 3-MP S o l u t i o n
“ 1cm Av
3435 2 9 ,1 1 2 0
3395 2 9 ,4 5 5 343
3355 2 9 ,8 0 6 694
3315 3 0 ,1 6 6 1 ,0 5 4
3275 3 0 ,5 3 4 1 ,4 2 2
3235 3 0 ,9 1 2 1 ,8 0 0
3185 3 1 ,397 0
3115 3 2 ,1 0 3 706
3050 32 ,787 1 ,3 9 0
2985 3 3 ,501 2 ,1 0 4
2930 3 4 ,1 3 0 2 ,7 3 3
2870 3 4 ,8 4 3 3 ,4 4 6
2635 3 7 ,9 5 1 0
2590 3 8 ,6 1 0 659
2545 3 9 ,2 9 3 1 ,3 4 2
2500 4 0 ,0 0 0
2460 4 0 ,6 5 0
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F l u o r e s c e n c e
E x c i t e d  a t  280 mu 
S l i t  0.120mm
E - f
a
g
300400 350450
P h o s p h o re s c e n c e
E x c i t e d  a t  280 mu 
S l i t  1 .6 0  mm
500600 550650
W a v e le n g th  mu
FIGURE 18. F l u o r e s c e n c e  and P h o s p h o re s c e n c e  a t  77° K. o f  
1 , 2 - B e n z f lu o r e n e  from  3-MP S o l u t i o n .
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ft
3395
3440
3505
3530
3575
3620
3720
3820
4050
ft
4980
5095
5195
5270
5380
5550
5830
TABLE X II
E m is s io n  F r e q u e n c i e s  o f  1 , 2 -B e n z f lu o re n e  
F lu o r e s c e n c e  f ro m  3-MP S o l u t i o n  a t  77°K
- 1cm
2 9 ,4 5 5  
29 ,0 7 0  
28 ,531
2 8 ,3 2 9  
27 ,9 7 2  
2 7 ,6 2 4  
2 6 ,8 8 2  
2 6 ,1 7 8  
2 4 ,6 9 1
P h o s p h o re s c e n c e  from  3-MP
-1cm
2 0 ,0 8 0
19 ,627
1 9 ,249
1 8 ,9 7 5
18 ,587
1 8 ,0 1 8
1 7 ,1 5 3
Av
0
385
924
1 ,1 2 6
1 ,4 8 3
1 ,8 3 1
2 ,5 7 3
3 ,2 7 7
4 ,7 6 4
S o l u t i o n  a t  77°K
Av
0
453
831
1 ,1 0 5
1 ,4 9 3
2 ,0 6 2
2 ,9 2 7
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o f  2 - p h e n y ln a p h th a l e n e .  T h i s  compound i s  a l s o  a n  im p o r t a n t  
member o f  th e  s e r i e s  s t u d i e d  i n  t h i s  w o rk .  The e l e c t r o n i c  
s p e c t r a  o f  2 -p h e n y ln a p h th & le n e  have  b e e n  re p ro d u c e d  from  
H o l lo w a y 's  w o rk .  The a b s o r p t i o n  s p e c t r a  o f  2 -p h e n y ln a p h th a l e n e  
i n  3-MP s o l u t i o n  a t  a m b ie n t  t e m p e r a t u r e  and i n  IPMP s o l u t i o n  
a t  77°K a r e  shown i n  F ig u r e  1 9 .  The a b s o r p t i o n  f r e q u e n c i e s  and 
e x t i n c t i o n  c o e f f i c i e n t s  m easu red  f o r  2 - p h e n y ln a p h th a l e n e  a re  
g iv e n  i n  T a b le  X I I I .  The f l u o r e s c e n c e  and p h o s p h o re s c e n c e  
s p e c t r a  from  3-MP s o l u t i o n s  a t  77°K a r e  shown i n  F ig u r e  20 and 
th e  e m is s i o n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  XIV.
H. The S p e c t r a  o f  1 . 2 . 7 . 8 - D ib e n z f lu o r e n e
1 , 2 , 7 , 8 - D ib e n z f l u o r e n e  i s  a  c l o s e  a n a lo g u e  o f
I , 2 - b e n z f l u o r e n e .  T h i s  d i b e n z f l u o r e n e  m o le c u le  h a s  C„2v
symmetry and t h e  i n t e r a c t i n g  su b sy s te m s  a r e  now i d e n t i c a l .
T h i s  m o le c u le  s h o u ld  a l s o  be p l a n a r  s i n c e  i t  s u f f e r s  no 
i n t e r n a l  s t r a i n s .
The a b s o r p t i o n  s p e c t r a  o f  1 , 2 , 7 , 8 - d i b e n z f l u o r e n e  
i n  3-MP s o l u t i o n  a t  a m b ie n t  t e m p e r a t u r e  and a t  77°K i n  EPA 
s o l u t i o n  a r e  shown i n  F ig u r e  21 . The a b s o r p t i o n  f r e q u e n c i e s  
a r e  g iv e n  i n  T a b le  XV. The f l u o r e s c e n c e  and p h o s p h o re s c e n c e  
s p e c t r a  a t  77°K from  3-MP s o l u t i o n s  a r e  shown i n  F ig u r e  22,
44H .E . H o llow ay , i b i d .
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A m bient T e m p e ra tu re
§o
C/3M<
X 5 .2 0X 1 5 .0
400 350 250 200300
wo
X 2 .5 0X 1 3 .0
400 350 300 250 200
W avelength  mu
FIGURE 19. Ambient Tem perature and 77°  K. A b so rp tio n  o f
2 -P h en y ln a p h th a len e  from 3-MP and IPMP S o l u t i o n s .
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TABLE X III
A b s o r p t io n  F r e q u e n c i e s  and E x t i n c t i o n  
C o e f f i c i e n t s  o f  2 - P h e n y ln a p h th a le n e
A m bient T e m p e ra tu re  f ro m  3-MP S o l u t i o n  
X cm ^ cm .)x lO ^
3225 3 1 ,0 0 8
2870 3 4 ,8 4 3 1 .2 5
2500 4 0 ,0 0 0 5 .6 7
2120 4 7 ,1 7 0 4 .1 2
77°K fro m  IPMP S o l u t i o n
£ - 1; cm Av
3225 3 1 ,0 0 8 0
3010 3 3 ,2 2 2 0
2890 3 4 ,6 0 2 1 ,3 8 0
2780 3 5 ,9 7 1 2 ,7 4 9
2680 3 7 ,3 1 3 4 ,0 9 1
2550 3 9 ,2 1 5 0
2465 4 0 ,5 6 8 1 ,3 5 3
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F l u o r e s c e n c e
E x c i t e d  a t  240 mu 
S l i t  1 .1 0  mm
300350400450
P h o s p h o re s c e n c e
E x c i t e d  a t  285 mu 
S l i t  1 .8 0  mm
600 550 500 450
W a v e le n g th  mu
FIGURE 20. F l u o r e s c e n c e  and P h o s p h o re s c e n c e  a t  77°  K« o f  
2 - P h e n y ln a p h t h a l e n e  f ro m  3-MP S o l u t i o n .
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I
3420
3545
3680
3825
£
4870
5230
5650
TABLE XIV
E m is s io n  F r e q u e n c i e s  o f  2 - P h e n y ln a p h th a le n e
F lu o r e s c e n c e  from  3-MP S o l u t i o n  a t  77°K
-1cm Av
2 9 ,2 4 0  0
28 ,2 0 9  1 ,0 3 1
2 7 ,1 7 4  2 ,0 6 6
2 6 ,1 4 4  3 ,0 9 6
P h o s p h o re sc e n c e  from  3-MP S o l u t i o n  a t  77°K
- 1  Acm Av
2 0 ,5 3 4  0
1 9 ,1 2 0  1 ,4 1 4
1 7 ,6 9 9  2 ,8 3 5
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Am bient T e m p e ra tu re
X 2 .2 6
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I
ao
C/3M
<
X 7 .9 6
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FIGURE  21 . Ambient Temperature and 77°  K. A b so rp t io n  o f
1 , 2 , 7 , 8 -D ib e n z f lu o r e n e  from 3-MP and EPA S o l u t i o n s .
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TABLE XV
A b s o r p t io n  F r e q u e n c i e s  o f  1 , 2 , 7 , 8 -D ib e n z f lu o re n e
A m bient T e m p e ra tu re  f ro m  3-MP S o l u t i o n
£ -1cm
3584 2 7 ,9 0 2
3457 2 8 ,9 2 7
3420 29 ,2 4 0
3312 3 0 ,1 9 3
3200 3 1 ,2 5 0
3077 3 2 ,5 0 0
2874 3 4 ,7 9 5
2780 35 ,971
2678 3 7 ,341
2642 3 7 ,8 5 0
2592 3 8 ,580
2553 3 9 ,1 7 0
2505 3 9 ,9 2 0
2466 4 0 ,5 5 2
2128 4 6 ,9 9 2
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T ab le  XV (C ontinued)
77°K from  EPA S o l u t i o n
X
-1cm Av
3579 27 ,9 4 1 0
3461 2 8 ,8 9 3 0
3434 2 9 ,1 2 0 227
3370 2 9 ,6 7 4 781
3317 3 0 ,1 4 8 1 ,2 5 5
3289 3 0 ,4 0 4 1 ,5 1 1
3200 3 1 ,2 5 0 2 ,3 5 7
3077 3 2 ,5 0 0 3 ,607
2896 3 4 ,5 3 0 0
2854 3 5 ,0 3 8 508
2812 3 5 ,5 6 2 1 ,0 3 2
2795 3 5 ,7 7 8 1 ,2 4 8
2704 3 6 ,9 8 2 0
2662 3 7 ,5 5 6 574
2609 3 8 ,3 2 9 1 ,347
2567 3 8 ,9 5 6 1 ,9 7 4
2478 4 0 ,3 5 5
2336 4 2 ,8 0 8
2257 * 4 4 ,3 6 5
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F l u o r e s c e n c e
E x c i t e d  a t  345 mu 
PM g a i n  4 S l i t  0 .1 6 0  mm
450 400 350
P h o s p h o re sc e n c e
E x c i t e d  w i t h  A-H6 
S l i t  3 . 0  mm
600 550
W av e len g th  mu
FIGURE 22. F lu o r e s c e n c e  and P h o s p h o re sc e n c e  a t  77°  K. o f  
1 , 2 , 7 , 8 - D ib e n z f lu o r e n e  from  3-MP S o l u t i o n .
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and th e  e m is s io n  f r e q u e n c i e s  a r e  g iv e n  i n  T a b le  XVI.
I .  The S p e c t r a  o f  2 . 3 -B e n z b ip h e n y le n e
The a b s o r p t i o n  s p e c t ru m  o f  2 ,3 - b e n z b ip h e n y l e n e  i n  3-MP 
s o l u t i o n  a t  am b ien t  t e m p e r a t u r e  i s  shown i n  F i g u r e  23 . I n  
F ig u r e  24 i s  th e  a m b ie n t  t e m p e r a t u r e  a b s o r p t i o n  s p e c tru m  fro m  
a b s o l u t e  e t h a n o l  s o l u t i o n .  The a b s o r p t i o n  f r e q u e n c i e s  and 
e x t i n c t i o n  c o e f f i c i e n t s  a r e  g iv e n  i n  T a b le  X V II. 2 , 3 -B e n z b ip h e n y le n e  
i s  o n ly  v e r y  s l i g h t l y  s o l u b l e  i n  an y  o f  th e  no rm al g l a s s i n g  
s o l v e n t s  and i t  becomes u n u s u a l l y  i n s o l u b l e  a s  t h e  t e m p e r a t u r e  
i s  lo w e re d .  T h is  e x t r e m e ly  low s o l u b i l i t y  a t  77°K makes 
a b s o r p t i o n  m easu rem en ts  o f  t h e  lo n g  w a v e le n g th  t r a n s i t i o n  
i m p o s s i b l e .  I n  F i g u r e  24 a r e  shown a  w e l l  r e s o l v e d  d i s p l a y  o f  th e  
h i g h  e n e rg y  t r a n s i t i o n s  and a p o o r l y  r e s o l v e d  d i s p l a y  o f  t h e  low 
e n e r g y  t r a n s i t i o n  o f  2 ,3 - b e n z b ip h e n y l e n e  i n  3-MP s o l u t i o n  a t  
77°K. The low t e m p e r a t u r e  a b s o r p t i o n  f r e q u e n c i e s  a r e  a l s o  shown 
i n  T a b le  X V II. The a b s o r p t i o n  p o l a r i z a t i o n  s p e c t ru m  i s  a l s o  
shown i n  F ig u r e  23 . T h is  s p e c tru m  was o b ta in e d  by m e a su r in g  
th e  p o l a r i z a t i o n  o f  th e  f l u o r e s c e n c e  e x c i t a t i o n  s p e c tru m .  The 
e x p e r i m e n t a l  a r r a n g e m e n t  used  t o  d e t e r m in e  t h e  p o l a r i z a t i o n s  i s  
shown in  F i g u r e  26 . A m p l i f i e r  m e te r  r e a d i n g s  w ere  t a k e n  and 
assum ed to  be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  f l u o r e s c e n c e  i n t e n s i t y .
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TABLE XVI
E m is s io n  F r e q u e n c ie s  o f  1 , 2 , 7 , 8 -D ib e n z f lu o re n e
- 1cm Av
F lu o r e s c e n c e  from  3-MP S o l u t i o n  a t  77°K
1
3593 27 ,832  0
3626 27 ,580  252
3694 27 ,071  761
3747 26 ,688  1 ,1 4 4
3771 26 ,518  1 ,3 1 4
3814 26 ,219 1 ,6 1 3
3856 25 ,9 3 4  1 ,8 9 8
3892 25 ,6 9 4  2 ,1 3 8
3932 25 ,432  2 ,4 0 0
4030 24 ,814  3 ,0 1 8
P h o s p h o re sc e n c e  from  3-MP S o lu t i o n  a t  77°K
R cm ^ Av
5320 18 ,800  0
5560 17 ,990  810
5790 17 ,270  1 ,5 3 0
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A m bient T e m p e ra tu re
wo
%
§o
GOpqc
X 8 .9 0
250350 300
0 .20
§H
E - t
<NJMpe<
IPM
0.10
- 0 . 0 5
250300350
W a v e le n g th  mu
o
F i g u r e  2 3 .  A m bien t T e m p e ra tu re  A b s o r p t i o n  and  77 K. P o l a r ­
i z a t i o n  S p e c t r a  o f  2 , 3 - B e n z b ip h e n y le n e  f ro m  3-MP S o l u t i o n s .
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FIGURE 24. A m bient T e m p e ra tu re  and  77° K. A b s o r p t io n  o f  
2 , 3 -B e n z b ip h e n y le n e  f ro m  E th a n o l  and 3-MP S o l u t i o n s .
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TABLE XVII
A b s o r p t io n  F r e q u e n c i e s  and E x t i n c t i o n  
C o e f f i c i e n t s  o f  2 , 3 -B e n z b ip h e n y le n e
Ambient T em p era tu re  from  3-MP S o lu t i o n
A cm Av
3876 25 ,800  0
3684 2 7 ,1 4 4  1 ,3 4 4
3658 27 ,337  1 ,537
3553 2 8 ,1 4 5  2 ,3 4 5
3482 28 ,719  2 ,9 1 9
3450 2 8 ,986  3 ,1 8 6
3337 29 ,967  4 ,167
3308 30 ,2 3 0  4 ,4 3 0
2963 33 ,750  0
2893 34 ,5 6 6  816
2866 3 4 ,8 9 2  1 ,1 4 2
2835 3 5 ,2 7 3  1 ,5 2 3
2762 36 ,206  0
2635 37 ,951  0
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T able  XVII (C ontinued)
A mbient T em p era tu re  from  E th a n o l  S o lu t i o n
e ( l i t e r / m o l e  c m .)x l0 ^  
0 .7 3 4  
0 .5 2 5  
0 .3 2 3
0 .2 3 4
0 .2 7 2  
3 .67  
2 .47  
7 .7 8
£ -1cm
3869 25 ,846
3665 27 ,2 8 5
3483 28 ,711
3330 30 ,0 3 0
3140 31 ,847
2959 3 3 ,7 9 5
2857 3 5 ,0 0 0
2638 3 7 ,9 0 8
77°K from  3-MP S o lu t i o n
£
-1cm Av
3870 25 ,840 0
2971 33 ,659 0
2906 3 4 ,4 1 2 753
2878 34 ,7 4 6 1 ,0 8 7
2843 3 5 ,1 7 4 1 ,515
2780 35 ,971 0
2702 3 7 ,010 0
2641 3 7 ,8 6 4 854
2600 3 8 ,4 6 2 1 ,4 5 2
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F lu o r e s c e n c e
E x c i t e d  w i t h  A-H6 
PM g a i n  4 S l i t  0 .0 5 0  rmn
400450500
D elayed  E m is s io n
E x c i t e d  w i t h  A-K6 
S l i t  1 .5 0  mm
500 450 400
W a v e le n g th  mu
FIGURE 25. F lu o r e s c e n c e  and D e lay ed  E m is s io n  a t  7 7°  K. o f  
2 , 3 -B e n z b ip h e n y le n e  from  3-MP S o l u t i o n .
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TABLE X VIII 
E m is s io n  F r e q u e n c i e s  o f  2 , 3 -B e n z b ip h e n y le n e
F l u o r e s c e n c e  from  3-MP S o l u t i o n  a t  77°K
$ cm ^ Av
3928 2 5 ,4 5 8  0
4005 2 4 ,9 6 9  489
4060 2 4 ,6 3 0  828
4120 2 4 ,2 7 2  1 ,1 8 6
4169 2 3 ,9 8 6  1 ,4 7 2
4205 2 3 ,7 8 1  1 ,677
4290 2 3 ,3 1 0  2 ,1 4 8
4374  2 2 ,8 6 2  2 ,5 9 6
4443 22 ,5 0 7  2 ,9 5 1
4485 22 ,2 9 7  3 ,1 6 1
4591 2 1 ,7 8 2  3 ,6 7 6
4673 2 1 ,4 0 0  4 ,0 5 8
4742 2 1 ,0 8 8  4 ,3 7 0
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FIGURE 26
P o l a r i z e d  F l u o r e s c e n c e  E x c i t a t i o n  A p p ara tu s
6
- 2
4 -1
*
1. M onochrom atic  e x c i t i n g  l i g h t  from C ary  15 m onochrom ator.
2 . W o l lo s to n  p r is m
V e r t i c a l l y  p o l a r i z e d  a t  a l l  t im es
3 . Sample c e l l ;  20 mm q u a r t z  tu b e
4 .  S u p e r s i l  q u a r t z  dewar
5 . 50 mm c y l i n d r i c a l  f a r  u . v .  l e n s
6 . 6" x  6" P o la r o i d  s h e e t  from  P io n e e r  S c i e n t i f i c  C orp .
161 G r e a t  Neck Road, G re a t  Neck, N.Y.
7 . C o rn in g  g l a s s  F i l t e r ;  CS 3 -74
8 . 1-P28 p h o t o m u l t i p l i e r  tu b e  c o n n ec ted  t o  an Aminco
M ic ro p h o to m e te r  A m p l i f i e r .
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The p o l a r i z a t i o n  i s  g iv e n  by
i n  w h ich  1 11 i n d i c a t e s  t h e  l i g h t  i n t e n s i t y  when th e  p o l a r i z i n g
p r i s m  and th e  a n a l y z i n g  p o l a r o i d  a r e  p a r a l l e l  and I  i n d i c a t e s
th e  l i g h t  i n t e n s i t y  when t h e y  a r e  c r o s s e d .  T h e o r e t i c a l l y  th e
maximum p o l a r i z a t i o n  i s  - 1 / 2  w h i le  t h e  minimum v a l u e  i s  
. 4 5  46- 1 / 3 .  * I n  p r a c t i c e  t h e s e  e x t re m e s  a r e  n e v e r  r e a l i z e d .  I t
was assumed t h a t  th e  am b ien t  t e m p e r a tu r e  f lu o r e s c e n c e  was t o t a l l y  
d e p o l a r i z e d  and m easu rem en ts  made on th e  room te m p e ra tu r e  
e m is s io n  w ere  u sed  t o  c a l i b r a t e  t h e  a p p a r a t u s .  I t  was found 
t h a t  a  s m a l l  c o n s t a n t  c o r r e c t i o n  f a c t o r  o f  + 0 .086  had t o  be 
a p p l i e d  t o  p o l a r i z a t i o n  m easu rem en ts  a t  a l l  w a v e le n g th s .  By 
n o t  u s i n g  a  second  m onochrom ator t o  m o n i to r  th e  e m is s io n  i t  
was assumed t h a t  th e  m o le c u la r  f l u o r e s c e n c e  does  n o t  have mixed 
p o l a r i z a t i o n .  N orm ally  t h i s  a s su m p tio n  may be a p o o r  one ,  b u t  
t h e  m a g n itu d e  o f  t h e  p o l a r i z a t i o n  s u g g e s t s  t h a t  th e  m o le c u la r  
f l u o r e s c e n c e  h a s ,  a t  m o s t ,  o n ly  s l i g h t l y  mixed p o l a r i z a t i o n .
By m o n i to r in g  th e  t o t a l  f l u o r e s c e n c e  e m is s io n  one a v o id s  th e  
need f o r  c a r e f u l l y  c a l c u l a t i n g  l a r g e  p o l a r i z a t i o n  c o r r e c t i o n
^ A . C .  A l b r e c h t ,  J .  Mol. S p e c . .  6 , 84 (1 9 6 1 ) .
46T ohru  Azumi and S .P .  McGlynn, J4. Chem. P h y s . . 37 .
2413 (1 9 6 2 ) .
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f a c t o r s  and i s  a l s o  a b l e  t o  make m easu rem en ts  a t  much lo w er
e m is s io n  l i g h t  i n t e n s i t i e s .
The m o le c u la r  f l u o r e s c e n c e  d e p i c t e d  i n  F ig u r e  25 i s
from  3-MP s o l u t i o n  a t  77°K. E x c i t a t i o n  was by th e  1 ,0 0 0  w a t t
A-H6 Hg lamp. The e x c i t i n g  l i g h t  w as f i l t e r e d  by a C orn ing
g l a s s  f i l t e r  w h ich  p a s s e s  l i g h t  b e tw ee n  3050 and 3950&. Use
o f  th e  h ig h  e x c i t i n g  l i g h t  i n t e n s i t y  a l lo w ed  th e  use  o f  v e ry
n arro w  s l i t s  (0.05mm) and a  p h o t o m u l t i p l i e r  g a i n  s e t t i n g  o f
4 on th e  0-107. s l i d e - w i r e  f o r  t h e  C ary  14. T hese  c o n d i t i o n s
a r e  i d e a l  f o r  r e c o r d i n g  h ig h  r e s o l u t i o n  s p e c t r a  and c o n s e q u e n t ly
th e  h i g h l y  s t r u c t u r e d  m o le c u la r  f l u o r e s c e n c e  i s  w e l l  r e s o l v e d .
A d e la y e d  e m is s io n  was r e c o rd e d  by means o f  t h e  p h o s p h o re s c e n c e
t e c h n iq u e  i n  t h e  same r e g i o n  i n  w h ich  th e  f l u o r e s c e n c e  a p p e a r s .
T h i s  e m is s io n  i s  a l s o  d e p i c t e d  i n  F ig u r e  25 and th e  f r e q u e n c i e s
o f  b o th  e m is s io n s  a r e  g iv e n  i n  T a b le  XIX. The f lu o r e s c e n c e
e m is s io n  e x h i b i t s  a 1 ,4 7 0  cm ^ v i b r a t i o n a l  mode c h a r a c t e r i s t i c  
1 1o f  an  A «- e m is s io n .  I n  a d d i t i o n ,  superim posed  on  th e s e
m a jo r  v i b r a t i o n s  i s  a n o t h e r  mode w h ich  i s  composed o f  p r o g r e s s i o n s
-1  -1  o f  a b o u t  360-480 cm . T h ere  i s  a m ism atch  o f  382 cm betw een
th e  0 -0  bands  o f  a b s o r p t i o n  and e m is s io n .  T h ere  i s  o n ly  a
r e a s o n a b l e  m i r r o r  image r e l a t i o n s h i p  be tw een  a b s o r p t i o n  and
e m is s i o n .  I t  i s  f e l t  t h a t  t h e  f l u o r e s c e n c e  would com pare much
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m ore f a v o r a b l y  w i t h  a  w e l l  r e s o l v e d  low t e m p e r a tu r e  a b s o r p t i o n  
s p e c t ru m .  The i n t e n s i t y  o f  t h e  d e la y e d  e m is s io n  i s  v e r y  low .
I t s  v e r y  h i g h  e n e rg y  p o s i t i o n  makes i t  e x t r e m e l y  u n l i k e l y  t h a t  
t h i s  e m i s s i o n  i s  t h e  m o l e c u la r  p h o s p h o r e s c e n c e .  S o l u t i o n s  o f  
t h e  compound a r e  s t a b l e  t o  lo n g  p e r i o d s  o f  i l l u m i n a t i o n  w i th  
h i g h  e n e r g y  l i g h t  b o t h  a t  room t e m p e r a t u r e  and a t  77°K. Any 
p h o to c h e m ic a l  r e a c t i o n  w h ich  t a k e s  p l a c e  m ust be a r e v e r s a b l e  one . 
The s p e c i e s  w h ich  g i v e s  r i s e  t o  th e  d e la y e d  e m is s io n  must 
u l t i m a t e l y  d e c a y  t o  t h e  o r i g i n a l  m o le c u le .  C a n d id a te s  f o r  t h i s  
s h o r t l i v e d  s p e c i e s  a r e  n o t  im m e d ia te ly  e v i d e n t .  The e m is s io n s  
o f  2 ,3 - b e n z b ip h e n y l e n e  w i l l  be d i s c u s s e d  f u r t h e r  a f t e r  th e  
t h e o r e t i c a l  c a l c u l a t i o n s  have b e e n  c o n s id e r e d .
J .  P r e l i m i n a r y  D i s c u s s i o n
1 .  A b s o r p t io n  S p e c t r a
I n  t h e  compounds b e n z a n t h r e n e ,  3 , 4 - b e n z f l u o r e n e ,  and
3 . 4 . 5 . 6 - d i b e n z f l u o r e n e  th e  lo w e s t  e n e r g y  a b s o r p t i v e  t r a n s i t i o n  
1 1i s  th e  A -* L . The 0 -0  b an d s  f o r  t h e s e  t r a n s i t i o n s  f o l l o w :  a
3 . 4 . 5 . 6 - d i b e n z f l u o r e n e ,  2 7 ,3 6 0  cm ; b e n z a n th r e n e ,  28 ,610  cm
-1
and  3 , 4 - b e n z f l u o r e n e ,  29 ,7 3 5  cm . I n  t h e s e  m o le c u le s  th e  
s h o r t - a x i s  i n t e r a c t i o n  o f  t h e  n a p h t h a l e n e  p o r t i o n  o f  th e  
m o le c u le  w i t h  t h e  r e s t  o f  t h e  m o le c u le  i s  l a r g e  enough  so t h a t
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t h e  n a p h th a le n e  -> ^La t r a n s i t i o n  h a s  b e e n  s t a b i l i z e d  t o  th e  
p o i n t  t h a t  t h i s  t r a n s i t i o n  i s  lo w e r  i n  e n e rg y  th a n  th e  ''"A -*
I n  a l l  t h r e e  c a s e s  t h e  n a p h th a le n e  r i n g  i s  f u s e d  i n  t h e  1 - p o s i t i o n  
t o  t h e  r e s t  o f  t h e  m o le c u le ,  and th e  n a p h t h a le n e  r i n g  i s  n e a r l y  
c o p l a n a r  w i t h  t h e  r e m a in d e r  o f  t h e  m o le c u le .  The f i r s t  o f  t h e s e
e f f e c t s ,  ( f u s i n g  i n  th e  1 - n a p h th y l  p o s i t i o n )  i s  n o t  s u f f i c i e n t
1 1 t o  lo w er  t h e  e n e r g y  o f  t h e  Lg s t a t e  below  t h a t  o f  t h e  L^.
Two s i m i l a r  m o le c u le s  w h ich  a r e  f u s e d  i n  t h e  1 - p o s i t i o n  b u t
1 1i n  w h ic h  th e  lo w e s t  t r a n s i t i o n  i s  t h e  A -» a r e  1 - p h e n y l -  
n a p h t h a l e n e  and 1 , 1 - b i n a p h t h y l .  1 -P h e n y ln a p h th a le n e  h a s  j u s t  
b e e n  d i s c u s s e d .  The a b s o r p t i o n  s p e c t ru m  o f  1 , 1 - b i n a p h t h y l  i s  
d e p i c t e d  by  J a f f ^ .  I n  1 , 1 ' - b i n a p h t h y l  th e  A -* L t r a n s i t i o n
cl
o c c u r s  a t  a b o u t  3 1 ,2 5 0  cm o r  a t  a b o u t  500 cm ^ h i g h e r  e n e rg y  
1 1t h a n  t h e  A -» t r a n s i t i o n .  O b v io u s ly  t h e n  th e  s t a b i l i z a t i o n
o f  t h e  s t a t e  i s  i n c r e a s e d  o v e r  t h a t  o f  t h e  ^L, when th e  a  b
s u b p o r t i o n s  o f  th e  m o le c u le s  a r e  n e a r  c o p l a n a r i t y .  A n o th e r  
m o le c u le  w h ich  i s  p l a n a r  and i n  w h ic h  th e  n a p h t h a l e n e  p o r t i o n  
o f  t h e  m o le c u le  i s  f u s e d  i n  th e  1 - p o s i t i o n  i s  f l u o r a n t h e n e .
R a th e r  s u r p r i s i n g l y  i n  f l u o r a n t h e n e  i t  i s  a p p a r e n t l y  th e
^A -> t r a n s i t i o n  w h ic h  i s  lo w e s t  i n  e n e r g y . ^  I n  t h a t  c a s e
^ J a f f ^ ,  o p .  c i t . . p . 311 . 
^^W harton , o p . c i t . , p . 44 .
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1 1s e v e r a l  v i b r a t i o n a l  bands  i d e n t i f i e d  a s  b e lo n g in g  t o  t h e  A -»
1 1t r a n s i t i o n  can  be  s e e n  a t  t h e  low e n e rg y  s i d e  o f  t h e  A -» Lq
t r a n s i t i o n .  As w e l l  a s  b e i n g  p l a n a r ,  o r  n e a r l y  p l a n a r ,  th e
n a p h t h a l e n e  r i n g  i s  f u s e d  t o  t h e  b en ze n e  r i n g  i n  b o t h  s h o r t - a x i s
p o s i t i o n s .  One w ould  c e r t a i n l y  e x p e c t  t h e  s t a t e  t o  be th ea
lo w e s t  e n e rg y  e x c i t e d  s t a t e .  One o f  two o t h e r  f a c t o r s  m ust a l s o
be im p o r t a n t  i n  t h e  s t a b i l i t y  o f  th e  ^L, s t a t e .  One p o s s i b i l i t yb
i s  t h a t  s i g n i f i c a n t  i n t e r a c t i o n  t a k e s  p l a c e  t h r o u g h  th e  m e thy lene
b r i d g e  i n  t h e  b e n z -  and d i b e n z f l u o r e n e s .  However, t h i s  f a c t o r
c a n n o t  be e x t r e m e l y  im p o r t a n t  b e c a u s e  i n  b o th  3 , 4 - b e n z f l u o r e n e
and 3 , 4 , 5 , 6 - d i b e n z f l u o r e n e  t h e  m e th y le n e  b r id g e  j o i n s  th e
n a p h t h a l e n e  r i n g  i n  th e  2 - p o s i t . i o n  and s h o u ld  i n t e r a c t  t o  a
l a r g e  e x t e n t  w i t h  th e  s t a t e .  The am ount o f  i n t e r a c t i o na
th r o u g h  t h i s  b r i d g e  can be q u a l i t a t i v e l y  e v a l u a t e d .  I n
3 , 4 - b e n z f l u o r e n e  th e  b r i d g e  i s  j o i n e d  t o  th e  n a p h t h a l e n e  
2 - p p s i t i o n  and i n  b e n z a n th r e n e  i t  i s  j o i n e d  to  a s h o r t - a x i s  
n a p h t h a l e n e  p o s i t i o n .  I n  b e n z a n th r e n e  t h e  ^A -* t r a n s i t i o n  
i s  1 ,1 2 5  cm ^ t o  t h e  r e d  o f  t h a t  i n  3 , 4 - b e n z f l u o r e n e .  One must 
be c a r e f u l  n o t  t o  e q u a t e  t h i s  e n e rg y  d i f f e r e n c e  t o  a n  a b s o l u t e  
d i f f e r e n c e  i n  e n e r g y  o f  t h e  two s t a t e s .  The e n e r g y  o f  th e  
g ro u n d  s t a t e s  a l s o  d e t e r m in e s  t h e  t r a n s i t i o n  e n e r g i e s .  However,
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t h e r e  i s  no a, p r i o r i  r e a s o n  t o  e x p e c t  t h e  ground s t a t e  of
3 ,4 - b e n z f l u o r e n e  t o  be more s t a b l e  th a n  th e  g round s t a t e  i n
b e n z a n th r e n e .  The o t h e r  f a c t o r  w hich  may be im p o r t a n t  i n
1 1d e t e r m in i n g  th e  e n e rg y  o f  th e  A -> t r a n s i t i o n  i n  f lu o r a n t h e n e
i s  t h a t  f a c t  t h a t  f l u o r a n t h e n e  i s  a f o r m a l ly  n o n a l t e r n a n t  m o le c u le .
From th e  c l a s s i c a l  c a se  o f  a z u le n e  a p r e c e d e n t  c a n  be  drawn f o r
t h e  s t a b i l i z a t i o n  o f  th e  s t a t e .  I n  n o n a l t e r n a n t  azu le n e  
1 1t h e  A -* t r a n s i t i o n  h a s  s h i f t e d  i n t o  th e  v i s i b l e  a t  
- 1  491 4 ,3 5 0  cm .  I t  seems l i k e l y  t h a t  t h e  f l u o r a n t h e n e  m o lecu le  
i n  some r e s p e c t s  i s  u n iq u e  and t h a t  i t  c a n n o t  be  p r o p e r l y  
c o n s id e r e d  t o  be a  member o f  t h e  s e r i e s  o f  compounds s tu d ie d  
i n  t h i s  w o rk .  I f  t h e  m e th y le n e  ca rb o n  i n  th e  b e n z -  and 
d i b e n z f l u o r e n e s  p a r t i c i p a t e d  i n  th e  pi-MO e l e c t r o n i c  d i s t r i b u t i o n  
t o  any  s i g n i f i c a n t  e x t e n t  t h e s e  m o le c u le s  would a l s o  have t o  be 
c o n s id e r e d  t o  be n o n a l t e r n a n t .  One m ust c o n c lu d e ,  i n  view  o f  th e  
a b s o r p t i o n  s p e c t r a ,  t h a t  t h e  b e n z -  and d i b e n z f l u o r e n e s  show 
l e s s  n o n a l t e r n a n t  c h a r a c t e r i s t i c s  th a n  d o es  f l u o r a n t h e n e  w h ich  
i t s e l f  d o es  n o t  show th e  s t r o n g  n o n a l t e r n a n t  e f f e c t s  shown by  
a z u l e n e .
I n  th e  compounds 2 - p h e n y ln a p h th a le n e ,  1 , 2 - b e n z f l u o r e n e ,
1 12 , 3 - b e n z f l u o r e n e ,  and 1 , 2 , 7 , 8 - d ib e n z f lu o r e n e  t h e  A -*
^ J a f f ^ ,  o p .  c i t . . 341.
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t r a n s i t i o n  i s  t h e  lo w e s t  e n e rg y  a b s o r p t i v e  t r a n s i t i o n .  The
1 1  1 10 -0  band e n e r g i e s  o f  t h e  A L and t h e  A -* t r a n s i t i o n s
o f  s e v e r a l  m o le c u le s  a r e  shown i n  T ab le  XIX. In  1 ,  2 - b e n z f l u o r e n e
1 1and 2 , 3 - b e n z f  l u o r e n e  s e v e r a l  v i b r a t i o n a l  b an d s  o f  t h e  A -»
t r a n s i t i o n  a r e  v i s i b l e .  As one m igh t e x p e c t ,  th e  a b s o r p t i o n
s p e c t r a  o f  t h e s e  m o le c u le s  a r e  v e r y  s i m i l a r .  The ^A -*■
- 1t r a n s i t i o n s  a r e  w i t h i n  325 cm o f  e a c h  o t h e r  w h i l e  t h e  
1 1A -» L t r a n s i t i o n s  a r e  i s o e n e r g e t i c .  The main d i f f e r e n c e  a
b e tw een  t h e  two s p e c t r a  i s  th e  a b se n c e  o f  a s t r o n g  w e l l  d e f in e d
t r a n s i t i o n  i n  th e  4 5 ,4 5 0 -5 0 ,0 0 0  cm ^ r e g i o n  o f  t h e  1 , 2 - b e n z f l u o r e n e
1 1s p e c t ru m .  I n  th e  1 , 2 , 7 , 8 - d i b e n z f l u o r e n e  m o le c u le  t h e  A -*
t r a n s i t i o n  h a s  s h i f t e d  o n ly  s l i g h t l y  t o  t h e  red  o f  t h e
c o r r e s p o n d in g  t r a n s i t i o n  i n  1 , 2 -  and 2 , 3 - b e n z f l u o r e n e  (~ 1 ,2 0 0  cm
w h i l e  t h e  ^A -> t r a n s i t i o n  h a s  s h i f t e d  v e r y  much t o  th e  r e da
(~ 6 ,0 0 0  cm ■*■) .
1 1The 0 -0  band  o f  th e  A -* L t r a n s i t i o n  i n  b e n z a n th r e n e ,a
a l l  th e  b e n z f l u o r e n e s ,  and a l l  t h e  d i b e n z f l u o r e n e s  w i t h  th e
p o s s i b l e  e x c e p t i o n  o f  2 , 3 - b e n z f l u o r e n e  show a c u r i o u s  phenomena.
As th e  t e m p e r a t u r e  i s  low ered  t o  l i q u i d  n i t r o g e n  t e m p e r a t u r e s
1 1t h e  0 -0  band  o f  t h e  A -+ t r a n s i t i o n  becomes much s h a r p e r  and 
more i n t e n s e  i n  c o m p a r iso n  w i t h  th e  r e s t  o f  th e  s p e c t ru m .  The
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TABLE XIX
1 1  1 1A -+ L, and A -» L T r a n s i t i o n  E n e r g i e s  b a
M o lecu le  A
%
1 ,2 ,7 ,8 -D B F  3579
2.3-B F  3397
1,2-B F  3435
2-PN 3225
1-PN 3192
3 , 4 , 5,6-DBF ?
B e n z a n th re n e  7
3 .4 -B F  ?
- 1  o  - lcm A cm
2 7 ,9 4 0  3465 2 8 ,8 6 0
2 9 ,438  3185 31 ,397
29 ,1 1 2  3185 3 1 ,3 9 7
3 1 ,0 0 8  3010 3 3 ,2 2 2
31 ,3 3 0  2886 3 4 ,6 6 0
? 3655 2 7 ,3 6 0
? 3495 2 8 ,6 1 0
? 3363 29 ,7 3 5
DBF = d i b e n z f l u o r e n e  
BF = b e n z f l u o r e n e  
PN = p h e n y ln a p h th a l e n e
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a u t h o r  h a s  a l s o  o b se rv e d  th e  same e f f e c t  i n  th e  s p e c t r a  o f
f l u o r e n e  and f l u o r e n o n e .  T h is  e f f e c t  i s  e s p e c i a l l y  p r e v a l e n t
i n  th e  b e n z a n th re n e  and 1 , 2 , 7 , 8 - d i b e n z f lu o r e n e  m o le c u le s
S in c e  t h i s  e f f e c t  i s  o b s e rv e d  o n ly  i n  th e  0 -0  band o f  th e
"^A -» t r a n s i t i o n  th e  phenomena can n o t  be a t t r i b u t e d  t o  a  a  r
s h a r p e n in g  o f  th e  minimum i n  t h e  g round  s t a t e  p o t e n t i a l  w e l l  
a s  th e  t e m p e r a tu r e  i s  lo w e re d .  The o n ly  r e a s o n a b l e  e x p l a n a t i o n  
i s  t h a t  a s  th e  t e m p e r a tu r e  i s  low ered  th e  minimum i n  th e  
*Ii p o t e n t i a l  w e l l  s h i f t s  such  t h a t  a t  77°K t h e  minimum i n
St
t h e  w e l l  l i e s  n e a r l y  d i r e c t l y  above th e  minimum i n  th e  g round 
s t a t e  p o t e n t i a l  w e l l .  The r e a s o n  why t h i s  phenomenon o c c u rs  
th r o u g h o u t  t h i s  s e r i e s  o f  m o le c u le s  re m a in s  u n c l e a r .  F u r t h e r  
a n a l y s i s  o f  t h e  a b s o r p t i o n  s p e c t r a  w i l l  be p o s tp o n e d  u n t i l  
t h e o r e t i c a l  c a l c u l a t i o n s  have  b een  c o n s id e r e d .
2 .  E m is s io n  S p e c t r a
I n  t h e  m o le c u le s  3 , 4 - b e n z f l u o r e n e ,  b e n z a n th re n e ,  
and  3 , 4 , 5 , 6 - d ib e n z f lu o r e n e  th e  lo w e s t  s i n g l e t  a b s o r p t i v e  s t a t e  
i s  th e  C o n s e q u e n t ly  th e  f l u o r e s c e n c e  s p e c t r a  o f  th e  m o le c u le s
a r e  t y p i c a l  o f  t h o s e  o r i g i n a t i n g  from  a L s t a t e .  In  a l l  t h r e e  
c a s e s  t h e  f l u o r e s c e n c e s  e x h i b i t  a  good m i r r o r  image r e l a t i o n s h i p
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w i t h  th e  a b s o r p t i o n s .  The s p l i t t i n g s  betw een th e  0 -0  b a n d s  o f  
a b s o r p t i o n  and e m is s io n  a r e  sm a l l  and may be f u r t h e r  e x a g g e r a te d  
by  s l i g h t  s e l f  a b s o r p t i o n  o f  th e  f l u o r e s c e n c e s .  The s p l i t t i n g s  
b e tw ee n  m a jo r  v i b r a t i o n a l  t r a n s i t i o n s  a r e  a b o u t  1400 cm ^ 
w h ich  i s  t y p i c a l  o f  th e  n a p h th a le n e  r i n g  b r e a t h i n g  f r e q u e n c y .
I n  a d d i t i o n  t o  th e  m a jo r  v i b r a t i o n a l  modes, e a c h  e m is s io n  
e x h i b i t s  f u r t h e r  low e n e rg y  v i b r a t i o n a l  s p l i t t i n g s .  T hese  
low en e rg y  v i b r a t i o n a l  s p l i t t i n g s  have n o t  b e e n  a s s ig n e d .
The "'"A -* ^L, t r a n s i t i o n  i s  th e  lo w e s t  en e rg y  s i n g l e t
D
a b s o r p t i v e  t r a n s i t i o n  i n  t h e  m o le c u le s  1 - p h e n y ln a p h th a l e n e ,
2 - p h e n y ln a p h th a l e n e ,  1 , 2 - b e n z f l u o r e n e ,  2 , 3 - b e n z f l u o r e n e ,  and
1 , 2 , 7 , 8 - b e n z f l u o r e n e .  C o n s e q u e n t ly  i t  i s  e x p e c te d  t h a t  t h e
f l u o r e s c e n c e s  be c h a r a c t e r i s t i c  o f  ♦- ^L, e m is s i o n s .  Theb
f l u o r e s c e n c e  i n  1 - p h e n y ln a p h th a le n e  i s  c h a r a c t e r i z e d  a s  a n  
■*■11, e m is s io n  and w i l l  n o t  be f u r t h e r  d i s c u s s e d  a t  t h i s  t i m e .
D
The f l u o r e s c e n c e  o f  2 -p h e n y ln a p h th a le n e  i s  n o t  e a s i l y  r e c o g n i z a b le
a s  a •- ^L, e m is s i o n .  The l a c k  o f  s t r u c t u r e  i s  e a s i l y  b
1
a t t r i b u t a b l e  t o  th e  s h a l lo w  n a t u r e  o f  th e  p o t e n t i a l  w e l l ,  
ev en  a t  77°K. The v i b r a t i o n a l  bands  w hich  a r e  d i s c e r n i b l e  
show s p l i t t i n g s  o f  a b o u t  1 ,0 0 0  cm ^ w hich  i s  a l a r g e r  i n t e r v a l  
t h a n  one would e x p e c t  f o r  a ^A «- ^L, t r a n s i t i o n  bu t  s m a l l e r  than
D
t h a t  e x p e c te d  f o r  a ^A *- t r a n s i t i o n . T h e r e  i s  no d o u b t  
50Jaff<*, i b i d . . p . 303.
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how ever t h a t  th e  lo w e s t  e n e rg y  e x c i t e d  s t a t e  a s  w e l l  a s  th e  
lo w e s t  e p e rg y  e q u i l i b r i u m  e x c i t e d  s t a t e  i s  t h e  I n  many
r e s p e c t s  th e  2 - p h e n y ln a p h th a l e n e  m o le c u le  i s  d i s s i m i l a r  t o  th e  
o t h e r  members o f  t h i s  s e r ie $  o f  m o l e c u le s .  I t  shows t h e  c lo s e s t ;  
r e s e m b le n c e  t o  t h e  1 - p h e n y ln a p h th a l e n e  m o le c u le  i n  t h a t  many 
a n g l e s  o f  r o t a t i o n  a b o u t  th e  f u s i n g  bond a r e  a l lo w e d  a t  am b ien t
t e m p e r a t u r e s .  However, 2 - p h e n y ln a p h th a l e n e  f a i l s  t o  show f i n e
1 1  1 1  s t r u c t u r e  i n  e i t h e r  t h e  A -* o r  A <- t r a n s i t i o n s  a t
o77 K. T h is  i s  i n d i c a t i v e  o f  a  v e r y  s h a l lo w  p o t e n t i a l  w e l l  b o th  
i n  t h e  g round s t a t e  and i n  t h e  e x c i t e d  s t a t e .  T h i s  s u b j e c t  
w i l l  be  t r e a t e d  f u r t h e r  i n  th e  t h e o r e t i c a l  s e c t i o n .
The f l u o r e s c e n c e  o f  2 , 3 - b e n z f l u o r e n e  shown i n  F ig u r e  16 
i s  a  d i s p l a y  o f  an  e x t r e m e l y  w e l l  r e s o l v e d  ^A «- e m is s i o n .
The 0 - 0  band o f  t h e  f l u o r e s c e n c e  i s  a t  o n ly  26 cm ^ lo w e r  e n e rg y  
th a n  t h e  0 -0  band i n  a b s o r p t i o n .  A s i n g l e  v i b r a t i o n a l  p r o g r e s s i o n  
i s  shown th ro u g h  a t  l e a s t  f o u r  v i b r a t i o n a l  b a n d s .  The v i b r a t i o n a l  
s p l i t t i n g s  a r e  m e asu re d  t o  be 650-750  cm The s m a l l  s p l i t t i n g  
b e tw e e n  a b s o r p t i o n  and e m is s io n  and th e  s l i g h t  a n h a r m o n ic i ty  o f  
t h e  v i b r a t i o n a l  p r o g r e s s i o n  s u g g e s t  o n ly  a  v e r y  s l i g h t  geom etry  
ch an g e  be tw een  t h e  g round  s t a t e  and th e  ^L, e x c i t e d  s t a t e .
D
The f l u o r e s c e n c e  o f  1 , 2 - b e n z f l u o r e n e  r e v e a l s  an
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i n t e r e s t i n g  e f f e c t .  The f l u o r e s c e n c e  a g a i n  i s  t y p i c a l  o f  a 
^A <- e m is s io n  and e x h i b i t s  th e  s u p e r p o s i t i o n  o f  two v i b r a t i o n a l  
p r o g r e s s i o n s .  One i s  a p p r o x im a te ly  400 cm ^ and t h e  o t h e r  i s  
a p p r o x im a te ly  700 cm The i n t e r e s t i n g  e f f e c t  i s  t h a t  t h e  0 -0  
band o f  th e  f l u o r e s c e n c e  i s  e x a c t l y  i s o e n e r g e t i c  w i t h  t h e  second 
a b s o r p t i o n  band and n o t  w i t h  th e  lo w e s t  e n e r g y  a b s o r p t i o n  band . 
H ollow ay c o n c lu d ed  t h a t  t h e  f i r s t  a b s o r p t i v e  band was 1 -* 0 
v i b r a t i o n a l  t r a n s i t i o n ,  t h a t  i s ,  was a h o t  b an d .  T h is  t r a n s i t i o n  
v e r y  s l i g h t l y  l o s e s  i n t e n s i t y  a t  77°K b u t  t h i s  l o s s  i n  i n t e n s i t y  
i s  h a r d l y  enough  t o  w a r r a n t  a s s i g n i n g  th e  t r a n s i t i o n  t o  be  a 
h o t  b an d .  A l t e r n a t i v e l y ,  t h i s  m ism atch  be tw een  a b s o r p t i o n  and 
e m is s io n  can be c o n s id e r e d  t o  b e - a  r e s u l t  o f  some change  i n  
t h e  e x c i t e d  s t a t e  a f t e r  a b s o r p t i o n  and b e f o r e  e m is s io n .  I f  an 
a n t i s t o k e s  s h i f t  t a k e s  p l a c e  a d i f f e r e n c e  be tw een  th e  geom etry  
o f  th e  F ranck-C ondon  and t h e  e q u i l i b r i u m  e x c i t e d  s t a t e s  i s  
r e q u i r e d .  M oreover i t  i s  r e q u i r e d  t h a t  th e  lo w e s t  v i b r a t i o n a l  
l e v e l  i n  th e  e q u i l i b r i u m  e x c i t e d  s t a t e  be i s o e n e r g e t i c  w i t h  th e  
second  v i b r a t i o n a l  l e v e l  i n  th e  F ranck-C ondon  e x c i t e d  s t a t e .
A com ple te  a b s e n c e  o f  t h i s  e f f e c t  was j u s t  o b se rv ed  i n  t h e  case  
o f  2 , 3 - b e n z f l u o r e n e .  I n  1 , 2 - b e n z f lu o r e n e  t h e  0 -0  f l u o r e s c e n c e  
band i s  e x a c t l y  i s o e n e r g e t i c  w i th  th e  1 -* 0  a b s o r p t i v e  t r a n s i t i o n  
and  th e  f l u o r e s c e n c e  f a i r l y  w e l l  m i r r o r  im ages th e  f i r s t  few
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b a n d s  i n  t h e  a b s o r p t i o n  s p e c tru m .  The m atch  o f  th e  f l u o r e s c e n c e
0 - 0  band w i t h  th e  0 -» 1 a b s o r p t i o n  band im p l i e s  l i t t l e  change 
i n  geom etry  be tw een  th e  F ranck-C ondon  and th e  e q u i l i b r i u m  
e x c i t e d  s t a t e s .  T h is  ty p e  o f  e x p l a n a t i o n  i s  h a r d l y  one t h a t  
w ould  be im p l ie d  in  a n  a n t i s t o k e s  s h i f t .  N e v e r t h e l e s s  th e  
an sw er  t o  t h e  m ism atch  m ust l i e  i n  some change i n  th e  e x c i t e d  
s t a t e  r a t h e r  t h a n  i n  p o s t u l a t i n g  p o p u la t io n s  o f  v i b r a t i o n a l l y  
e x c i t e d  l e v e l s  i n  t h e  ground s t a t e  a t  77°K. T h i s  i s  an  i n t e r e s t i n g  
phenomena and one w o r th y  of f u r t h e r  s tu d y .
The 0 -0  band i n  the f l u o r e s c e n c e  o f  1 , 2 , 7 , 8 - d i b e n z f l u o r e n e  
l i e s  110  cm ^ low er  i n  e n e rg y  th a n  t h e  0 - 0  band i n  t h e  a b s o r p t i o n .  
Only one band b e lo n g in g  t o  th e  -* t r a n s i t i o n  i s  v i s i b l e  i n  
t h e  a b s o r p t i o n .  C o n s e q u e n t ly  d e t e r m i n a t i o n  o f  m i r r o r  image 
symmetry i s  im p o s s ib l e .  The f lu o r e s c e n c e  shows a c o n s i d e r a b l e  
amount o f  f i n e  s t r u c t u r e  and l i e s  a t  ab o u t 1 ,6 0 0  cm ^ low er 
e n e rg y  th a n  does  th e  f l u o r e s c e n c e  o f  1 , 2 - b e n z f l u o r e n e .  E xcep t f o r  
th e  f a c t  t h a t  i n  1 , 2 - b e n z f l u o r e n e  th e  2 <- 0  v i b r a t i o n a l  band i s  
i n t e n s e ,  w h i le  i t  i s  n o t  i n  1 , 2 , 7 , 8 - d i b e n z f l u o r e n e ,  t h e  f l u o r e s c e n c e s  
o f  t h e  two compounds a r e  v e ry  s i m i l a r .
The lo w e s t  l y i n g  t r i p l e t  s t a t e  i n  t h e  m o le c u le s
1 - p h e n y ln a p h th a l e n e ,  2 - p h e n y ln a p h th a le n e ,  3 , 4 - b e n z f l u o r e n e ,
3 , 4 , 5 , 6 - d i b e n z f l u o r e n e ,  1 , 2 - b e n z f l u o r e n e ,  2 , 3 - b e n z f l u o r e n e ,  and
3
1 , 2 , 7 , 8 - d ib e n z f l u o r e n e  i s  th e  L s t a t e .  I n  T a b le  XX th e  e n e r g i e s3
I l l
TABLE XX
T r i p l e t  S t a t e  E n e r g i e s
M o lecu le  X - 1cm
f l u o r e n e  4211 2 3 ,7 5 0
n a p h th a le n e  4695 21 ,299
1 - c h lo r o n a p h th a l e n e  4762 2 1 ,0 0 0
1 -p h e n y ln a p h th a le n e  4980 2 0 ,0 8 0
2 - p h e n y ln a p h th a le n e  4870 2 0 ,5 3 4
1 . 2- b e n z f l u o r e n e  4980 2 0 ,0 8 0
2 . 3 - b e n z f l u o r e n e  4992 2 0 ,0 3 2
3 .4 - b e n z f l u o r e n e  5181 19 ,301
I , 2 , 7 , 8- d i b e n z f l u o r e n e  5210 1 8 ,8 0 0
3 , 4 , 5 , 6- d i b e n z f l u o r e n e  ? ?
f l u o r a n t h e n e  5390 1 8 ,550
I I , 1 2 - b e n z f l u o r a n t h e n e  5480 1 8 ,2 4 8
b e n z a n th r e n e  5510 18 ,149
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o f  t h e  p h o s p h o re s c e n c e  0 - 0  bands  o f  t h e s e  compounds and  t h o s e
o f  some o t h e r s  a r e  g iv e n  f o r  c o m p a r is o n .
The p h o s p h o re s c e n c e  o f  3 , 4 , 5 * 6 - d i b e n z f l u o r e n e  shown
i n  F ig u r e  8  i s  o b v io u s ly  n o t  t h a t  o f  th e  o r i g i n a l  m o l e c u l a r
s p e c i e s .  The h ig h  e n e r g y  p o r t i o n  o f  t h e  s p e c t ru m  i s  l i k e l y
th e  e m is s io n  from  p h o to d e c o m p o s i t io n  p r o d u c t s .  Such h i g h
i n t e n s i t y  and  h ig h  e n e r g y  e x c i t i n g  l i g h t  m ust be u sed  t o  p ro d u ce
«»• *
a r e a d a b l e  s i g n a l  t h a t  by  th e  t im e  th e  s p e c t ru m  can b e  scanned  
th e  d e c o m p o s i t io n  h a s  t a k e n  p l a c e .  What i s  f e l t  t o  be p a r t  o f  
th e  m o le c u la r  p h o s p h o re s c e n c e  can  be s e e n  a s  s t r u c t u r e  on th e  
low e n e rg y  s i d e  o f  t h e  e m is s io n  c u r v e .  The r e m a in d e r  o f  t h e  
p h o s p h o re s c e n c e  i s  p o s t u l a t e d  i n  F ig u r e  7 f ro m  a c o n s i d e r a t i o n  
o f  t h e  e m is s i o n s  o f  t h e  o th e r  members o f  th e  s e r i e s .  H a r r i s  
found  w hat he f e l t  t o  be a m o le c u la r  e m is s i o n  on th e  h i g h  
e n e r g y  s i d e  o f  th e  p h o s p h o re s c e n c e  o f  3 , 4 - b e n z f l u o r e n e . ^  T h is  
a u t h o r  was a b l e  t o  p u r i f y  away th e  s p u r io u s  e m is s io n  i n
3 , 4 - b e n z f l u o r e n e  and r e p ro d u c e  i t  a g a i n  p h o to c h e m ic a l l y  a t  w i l l .  
However i n  3 , 4 , 5 , 6- d i b e n z f l u o r e n e  t h e  p h o to d e c o m p o s i t io n  
r e a c t i o n  i s  so  f a s t  t h a t  i t  c a n n o t  be f o l lo w e d  by a v a i l a b l e  
s p e c t r a l  m e th o d s .  I n  t h e  c a s e s  o f  b e n z a n t h r e n e ,  th e  b e n z f l u o r e n e s  
and t h e  d i b e n z f l u o r e n e s  th e  p h o s p h o re s c e n c e  quantum  y i e l d  i s
" ^ H a r r i s ,  o p .  c i t . . p .  115.
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v e ry  lo w .  H o llow ay  r e p o r t s  a  p h o sp h o re sc e n c e  quantum  y i e l d  f o r
1 , 2 - b e n z f l u o r e n e  o f  0 .0 0 4 5  and  t h i s  p h o s p h o re s c e n c e  i s  much
e a s i e r  t o  m o n i to r  th a n  many o f  th e  o t h e r s  r e p o r t e d  i n  t h i s  
52work. I n  m ost c a s e s  t h e  m o le c u la r  p h o s p h o re s c e n c e s  m us t be
e x c i t e d  w i th  t h e  f u l l  i n t e n s i t y  o f  t h e  A-H6 lam p. These
c o n d i t i o n s  a r e  s o  s e v e re  t h a t  p h o to c h e m ic a l  r e a c t i o n s  i n  ev en
r e a s o n a b l y  s t a b l e  m o le c u le s  can  be e x p e c t e d .
C o n s id e r in g  th e  s i z e  and r e l a t i v e  o r i e n t a t i o n s  o f
the  m o le c u la r  su b sy s tem s  t h e  t r i p l e t  s t a t e  e n e r g i e s  o f  th e
compounds in  T a b le  XX g e n e r a l l y  f a l l  i n  a p r e d i c t a b l e  o r d e r
and p r o g r e s s  i n  a  s u p r i s i n g l y  smooth f a s h i o n  on moving th r o u g h
th e  t a b l e . .  The t r i p l e t  s t a t e  o f  n a p h th a le n e  i s  s t a b i l i z e d  by
abou t 300 cm ^ b y  s u b s t i t u t i o n  o f  a c h l o r i n e  i n  th e  1 - p o s i t i o n .
The 1 - p h e n y ln a p h th a l e n e  t r i p l e t  s t a t e  i s  f u r t h e r  s t a b i l i z e d  by
abou t 920 cm ^ o v e r  t h a t  o f  1 - c h lo r o n a p h th a l e n e .  The l a r g e s t
p a r t  o f  t h i s  s t a b i l i z a t i o n  m ust come from  p i - o r b i t a l  i n t e r a c t i o n
betw een  r i n g s .  Even i n  t h e  t r i p l e t  s t a t e ,  th e  1 -p h e n y ln a p h th a le n e
m o le c u le  must be  s e v e r e l y  t w i s t e d  o u t  o f  p l a n e .  When t h e  p h en y l
r in g  i s  b ro u g h t  i n t o  th e  n a p h th a le n e  p la n e  a s  i n  3 , 4 - b e n z f l u o r e n e
th e  t r i p l e t  s t a t e  i s  f u r t h e r  s t a b i l i z e d  o v e r  t h a t  o f  1 - p h e n y l -
- 1
n a p h th a le n e  by 780 cm . I n  3 ,4 - b e n z f lu o r e n e  an  a d d i t i o n a l  
52H o llow ay , op. c i t . . p . 140 .
e f f e c t ,  nam ely  t h a t  o f  i n t e r a c t i o n  th ro u g h  t h e  m e th y le n e  b r i d g e ,  
t a k e s  p l a c e .  A q u a l i t a t i v e  e s t i m a t e  o f  th e  i n t e r a c t i o n  e n e rg y  
th r o u g h  th e  m e th y le n e  b r id g e  can  be  made by  c o n s i d e r a t i o n  o f
2 - p h e n y ln a p h th a l e n e  and 2 , 3 - b e n z f l u o r e n e .  The 2 -p h e n y ln a p h th a le n e  
t r i p l e t  s t a t e  i s  c o n s id e r e d  t o  be p l a n a r  a s  t h e  t r i p l e t  s t a t e  o f
2 . 3 - b e n z f l u o r e n e  must b e .  The t r i p l e t  s t a t e  o f  2 ,3 - b e n z f lu o r e n e  
l i e s  a t  a b o u t  500 cm * low er  e n e rg y  th a n  d o e s  t h a t  o f  2 - p h e n y l ­
n a p h t h a l e n e .  One m ust r e c o g n iz e  t h a t  t h e s e  i n t e r a c t i o n  i n
2 . 3 - b e n z f l u o r e n e  and 2 -p h e n y ln a p h th a le n e  a r e  e s s e n t i a l l y  l o n g - a x i s
3
w i t h  t h e  n a p h th a le n e  r i n g  w h e reas  t h e  L s t a t e  i s  s h o r t - a x i s
p o l a r i z e d .  N e v e r t h e l e s s  t h i s  s t a b i l i z a t i o n  o f  500 cm ^ o v e r
t h a t  o f  2- p h e n y ln a p h th a l e n e  due to  t h e  m e th y le n e  b r i d g e  i s  a
- 1m a jo r  p o r t i o n  o f  th e  7 8 0  cm s t a b i l i z a t i o n  o f  3 ,4 - b e n z f lu o r e n e
o v e r  1 - p h e n y ln a p h th a l e n e .  I n  a s i m i l a r  manner th e  s t a b i l i z a t i o n
o f  t h e  t r i p l e t  s t a t e  o f  1 , 2 , 7 , 8- d i b e n z f l u o r e n e  o v e r  t h a t  o f
- 1
1 , 2 - b e n z f l u o r e n e  o f  1 ,1 2 0  cm may be r a t i o n a l i z e d .  F o r  th e  
sak e  o f  co m p ar iso n  i t  can  be n o te d  from  T a b le  XX t h a t  th e  t r i p l e t  
s t a t e  o f  f l u o r a n t h e n e  i s  more s t a b l e  th a n  t h a t  o f  3 , 4 - b e n z f l u o r e n e  
by 750 cm and t h a t  th e  t r i p l e t  s t a t e  o f  1 1 , 1 2 - b e n z f l u o r a n th r e n e  
i s  more s t a b l e  th a n  t h a t  o f  f l u o r a n t h e n e  by  a b o u t  300 cm ^ The 
o b v io u s  m i s f i t  i n  th e  group  i s  b e n z a n th re n e  w h ich  h a s  a  t r i p l e t  
s t a t e  e n e rg y  400 cm ^ low er  th a n  f l u o r a n t h e n e  and ev en  a b o u t
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1 0 0  cm lo w er  t h a n  t h e  t r i p l e t  s t a t e  o f  1 1 , 1 2 - b e n z f l u o r a n t h e n e .
3 .  The P h o to c h e m is t r y  o f  B e n z a n th re n e
O b v io u s ly  t h e  m e th y le n e  b r i d g e  i n  b e n z a n th r e n e  m ust 
be  more im p o r t a n t  th a n  i t  i s  i n  t h e  b e n z -  and d i b e n z f l u o r e n e s .
I t  w as n o te d  e a r l i e r  t h a t  t h e  a c i d i t i e s  o f  t h e  h y d ro g e n s  on 
t h e  b r i d g i n g  c a r b o n s  w ould  be im p o r t a n t  t o  t h e  e l e c t r o n i c  s t a t e s  
o f  t h e s e  m o l e c u l e s .  S t r e i t w i e s e r  h a s  made a n  e x t e n s i v e  s tu d y  o f  
t h e  a c i d i t i e s  o f  h y d ro g e n s  on b r i d g i n g  c a rb o n s  i n  t h e  m o l e c u la r
p n .55 5^ ?
g ro u n d  s t a t e s .  * * * S t r e i t w i e s e r * s  pK v a l u e s  f o r  s e v e r a l
h y d ro c a rb o n s  i n  t h e i r  e l e c t r o n i c  g round  s t a t e s  a r e  g iv e n  i n
T a b le  XXI.
TABLE XXI
pK V a lu e s  f o r  S e v e r a l  B r id g e d  H y d ro ca rb o n s
Compound PK
F l u o r e n e
9 - P h e n y l f l u o r e n e  
I n d e n e
4 , 5 - M e th y le n e p h e n a n th r e n e
2 2 .8 3
1 8 ,4 9
2 0 .2 4
2 2 .6 0
1 . 2 - B e n z f lu o r e n e
2 . 3 - B e n z f lu o r e n e
3 . 4 - B e n z f lu o r e n e  
B e n z a n th re n e
1 9 .9 7
2 3 .1 6
1 9 .3 8
2 0 .6 7
53A. S t r e i t w i e s e r ,  J r .  and  W.M. P a d g e t t ,  I I ,  Am. 
Chem. S o c . . .6 8 , 2919 ( 1 9 6 4 ) .
54A. S t r e i t w i e s e r ,  J r . ,  J . I .  Brauman, J .H .  Hammons, and 
A .H . P u d ja a tm a k a ,  J .  Am. Chem. S o c . . 87 . 386 ( 1 9 6 5 ) .
55A . S t r e i t w i e s e r ,  J r . ,  J . H .  Hammons, E . C i u f f a r i a ,  and 
J . I .  Brauman, J .  Am. Chem. S o c . . 8 9 .  59 (1 9 6 7 ) .
^ A .  S t r e i t w i e s e r ,  J r . ,  A la n  P .  M archand , A .H . P u d ja a tm a k a ,  
J .  Am. Chem. S o c . .  8 9 . 692 ( 1 9 6 7 ) .
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The a c i d i t y  o f  t h e  m e th y len e  h y d ro g en s  i n  b e n z a n th re n e
i s  w i t h i n  t h e  ra n g e  o f  t h e  b e n z f l u o r e n e s .  T h is  s u g g e s t s  t h a t
t h e  m e th y le n e  h y d ro g en s  o f  b e n z a n th r e n e  a r e  i n  a p p r o x im a te ly
t h e  same e l e c t r o n i c  en v iro n m e n t  a s  a r e  t h o s e  o f  t h e  b e n z f l u o r e n e s
1 1i n  t h e i r  e l e c t r o n i c  g round  s t a t e s .  The A -* L t r a n s i t i o n
- i  - Ie n e rg y  f o r  b e n z a n th r e n e  i s  28 ,6 1 0  cm o r  a b o u t  1 ,1 2 5  cm
1 3l e s s  t h a n  t h a t  o f  3 , 4 - b e n z f l u o r e n e .  The A «- L t r a n s i t i o n* a
-1 -1e n e rg y  f o r  b e n z a n th re n e  i s  18 ,1 4 9  cm o r  a b o u t  1 ,1 5 0  cm
lo w e r  t h a n  t h a t  o f  3 , 4 - b e n z f l u o r e n e .  The f l u o r e s c e n c e  and
p h o s p h o re s c e n c e  s p e c t r a  o f  b e n z a n th re n e  and 3 , 4 - b e n z f l u o r e n e  b e a r
s t r i k i n g  're sem b lan ce  t o  e a c h  o t h e r .  The v i b r a t i o n a l  s p l i t t i n g s
a s  w e l l  a s  t h e  F ranck-C ondon  c o n to u r  o f  th e  e m is s io n s  a r e  a lm o s t
i d e n t i c a l .  T h e i r  o n ly  d i s s i m i l a r i t y  i s  t h e  d i f f e r e n c e  i n  t h e i r
e n e r g e t i c  p o s i t i o n s .  I t  was e s t i m a t e d  from  c o n s i d e r a t i o n s
i n v o l v i n g  2 - p h e n y ln a p h th a l e n e  and 2 , 3 - b e n z f l u o r e n e  t h a t  t h e
s t a b i l i z a t i o n  o f  t h e  s t a t e  by t h e  m e th y len e  b r id g e  was
400-500  cm ■*■. T h is  s t a b i l i z a t i o n  i s  n o t  n e a r l y  enough  t o  a c c o u n t
f o r  t h e  d i f f e r e n c e  i n  s p e c t r a  o f  th e  two m o le c u le s .
A s tu d y  was made o f  th e  i n s t a b i l i t y  o f  t h e  b e n z a n th re n e
m o le c u le .  A re v ie w  o f  t h i s  s tu d y  i s  i n  o r d e r .  The p r e p a r a t i o n
and p u r i f i c a t i o n  o f  b e n z a n th r e n e  h a s  been  g iv e n  i n  a  p r e v io u s
s e c t i o n .  I t  was o b s e rv e d  t h a t  t h e  w h i t e  p l a t e s  o f  th e  p u re
compound began  t o  show v i s i b l e  d e c o m p o s i t io n  a f t e r  s t a n d i n g  
a  day  o r  two i n  a  b o t t l e  und er  n i t r o g e n .  The d e c o m p o s i t io n  
l e f t  t h e  p l a t e s  w i t h  a  y e l lo w  c o l o r .  The compound was s t o r e d  
i n  a p y r e x  d e s s i c a t o r  under  vacuum, . b u t  th e  d e c o m p o s i t io n  was 
o n ly  s l i g h t l y  s lo w e r  a t  red u c e d  p r e s s u r e s .  The p u re  w h i t e  
compound cou ld  be  s e p a r a t e d  from  th e  y e l lo w  d e c o m p o s i t io n  
p r o d u c t s  by ch ro m a to g rap h y  on a v e r y  s l i g h t l y  a c t i v a t e d  a lu m in a  
colum n; CCl^ was u se d  a s  a n  e l u t i o n  a g e n t .  The p u re  h y d ro c a rb o n  
was e l u t e d  a lm o s t  im m e d ia te ly  and was fo l lo w e d  by y e l lo w  p r o d u c t s .  
When th e  p u re  h y d ro c a rb o n  was s t o r e d  i n  th e  d a r k  u n d e r  n i t r o g e n  
i n  th e  f r e e z i n g  com partm ent o f  a  r e f r i g e r a t o r ,  t h e  d e c o m p o s i t io n  
p r o c e s s  was r e t a r d e d  t o  a  l a r g e  e x t e n t .  A s tu d y  was made to  
fo l l o w  t h e  d e c o m p o s i t io n  p r o c e s s  p h o to c h e m ic a l ly .  The f o l l o w i n g  
o b s e r v a t i o n s  w ere  made.
I n  g l a s s e d  h y d ro c a rb o n  s o l u t i o n s  a t  77°K b e n z a n th re n e
a p p e a re d  t o  be s t a b l e  f o r  s e v e r a l  h o u rs  t o  bombardment w i t h
th e  f u l l  i n t e n s i t y  o f  th e  A-H6 lamp, w h i l e  i n  h y d ro c a rb o n  s o l u t i o n s  
- 4a t  a b o u t  5 x  10 M a t  room te m p e r a t u r e ,  v i s i b l e  d e c o m p o s i t io n  
s t a r t e d  im m e d ia te ly .  The s o l u t i o n  tu r n e d  y e l lo w  and a  t a r r y  
p ro d u c t  began  t o  p r e c i p i t a t e .  W i th in  t e n  m in u te s  th e  r e a c t i o n  
a p p e a re d  t o  be c o m p le te .  A t te m p ts  w ere  made t o  c h a r a c t e r i z e
t h e  p r e c i p i t a t e .  No d i s t i n c t  m e l t i n g  p o i n t  c o u ld  be  o b s e r v e d ;  
t h e r e  was o n ly  a g r a d u a l  s o f t e n i n g  p r o c e s s .  The p r e c i p i t a t e  
w as e x t r a c t e d  w i th  h y d r o c a r b o n .  The u l t r a v i o l e t  a b s o r p t i o n  
sp ec tru m  showed t h a t  b e n z a n th r e n e  was n o t  p r e s e n t  and  t h e r e  
w ere  no b a n d s  c h a r a c t e r i s t i c  o f  a  s i g n i f i c a n t  c o n c e n t r a t i o n  o f  
a n y t h i n g .  The p r e c i p i t a t e  was e x t r a c t e d  w i t h  a b s o l u t e  e t h a n o l  
and  enough  p r o d u c t  w as t a k e n  up t o  g iv e  t h e  s o l u t i o n  a  l i g h t  
y e l lo w  c o l o r .  The u l t r a v i o l e t  a b s o r p t i o n  s p e c t ru m  was p o o r l y  
r e s o lv e d  a n d  t h e r e  was c o n s i d e r a b l e  s c a t t e r i n g ,  b u t  b an d s  w ere  
d i s c e r n i b l e  a t  2100, 2500 and 2560$. A l e s s  i n t e n s e  band was 
c e n t e r e d  a t  ab o u t 3000$ and t h e  s c a t t e r  c o n t in u e d  w e l l  i n t o  th e  
v i s i b l e  r e g i o n .  T hese  b an d s  c a n n o t  be f i t t e d  t o  t h e  s p e c t r a  o f
1 - p h e n y ln a p h th a l e n e ,  2 - p h e n y l n a p h t h a l e n e ,  f l u o r a n t h e n e ,  b e n z a n th r o n e ,  
o r  any o f  t h e  b e n z f l u o r e n e s .  I n  F ig u r e  27 a r e  shown a l l  o f  t h e  
p ro b a b le  d e c o m p o s i t i o n  p r o d u c t s  w h ich  in v o l v e  a t r a n s f e r  o f  a 
h y d ro g en  f ro m  th e  m e th y le n e  b r i d g e  t o  a n o t h e r  m o l e c u la r  p o s i t i o n .  
Compounds I I  th ro u g h  V I I  a r e  t h e  v a r i o u s  H - b e n z [ d e ] a n t h r a c e n e s .  
Compound I  i s  a r o m a t i c  o n ly  i n  so  f a r  a s  t h e  b e n ze n e  r i n g  
c o n t r i b u t e s  a r o m a t ic  c h a r a c t e r .  The r e m a in d e r  o f  t h e  m o le c u le  
i s  c o n ju g a te d  b u t  n o n a r o m a t i c .  W ith  t h e  e x c e p t i o n  o f  7 H -b e n z [d e ] -  
a n t h r a c e n e ,  none o f  t h e  u l t r a v i o l e t  s p e c t r a  o f  t h e  compounds i n  
F ig u r e  27 hav e  b e e n  p u b l i s h e d  i n  th e  l i t e r a t u r e .  T h i s  makes
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FIGURE 27
P o s s i b l e  B e n z a n th re n e  P h o to c h e m ic a l  P r o d u c ts
7 H -b e n z [d e ]a n th ra c e n e
I I
lH - b e n z [ d e ] a n th r a  cene
6H -b e n z [ d e ] a n th r a  cene
8H - b e n z [ d e ] a n th r a  cene
I I I
3 H -b e n z [d e ]a n th ra c e n e
V
4 H -b e n z [d e ]a n th ra  cene
lO H -b e n z [d e ]a n th ra c e n e
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i d e n t i f i c a t i o n  o f  th e  p h o to d e c o m p o s i t io n  p r o d u c t  by means o f  
a b s o r p t i o n  s p e c t r a  more d i f f i c u l t .  However compounds I I  and I I I  
may be c o n s id e r e d  t o  be s t u b s t i t u t e d  a n t h r a c e n e s  and t h e i r  s p e c t r a  
s h o u ld  be much l i k e  t h o s e  o f  1 -  and 9 -  s u b s t i t u t e d  a n t h r a c e n e s .
I n  l i k e  m anner compounds IV and V may be c o n s id e r e d  t o  be 
s u b s t i t u t e d  p h e n a n t h r e n e s .  Compounds VI and V I I  p r e s e n t  more 
o f  a p ro b lem . They can  b e  c o n s id e r e d  t o  be  d e r i v a t i v e s  o f  an  
a r o m a t i c  s u b s t i t u t e d  1 - p h e n y le n e  ( 1 - b e n z o n a p h th e n e ) .
o r  a s  a t e t r a h y d r o p e r y l e n e .
i . e . ( 1 , 2 , 3 , 5 - t e t r a h y d r o p e r y l e n e  
see  1 0 H -b e n z [d e ]a n th ra c e n e )
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U n f o r t u n a t e l y ,  n e i t h e r  th e  s p e c t r a  o f  th e  a p p r o p r i a t e l y  s u b s t i t u t e d  
p h e n y le n e s  n o r  t h o s e  o f  th e  h y d r o p e r y le n e s  a r e  a v a i l a b l e .  The 
o b s e rv e d  b an d s  do n o t  f i t  th e  t r a n s i t i o n s  i n  p h e n a n th re n e  o r
s u b s t i t u t e d  p h e n a n t h r e n e s .  The b a n d s  a t  2100, 2500, and 2560$
1 1  1 1  m atch  r e a s o n a b l y  w e l l  th e  A -* and A -» t r a n s i t i o n s  i n
t h e  s p e c t r a  o f  9 - s u b s t i t u t e d  a n t h r a c e n e s .  The w eak e r  band a t
3000$  does  n o t  f i t  a n y  t r a n s i t i o n  i n  a n t h r a c e n e  and i t s  o r i g i n
m ust be from  an  a d d i t i o n a l  s p e c i e s .  On t h i s  e v id e n c e  one o f
th e  m a jo r  p h o to c h e m ic a l  r e a r r a n g e m e n t  p r o d u c t s  i s  a s s ig n e d  to
be e i t h e r  m o le c u le  I I ,  lH - b e n z [ d e 3 a n th r a c e n e  o r  m o le c u le  I I I ,
3 H - b e n z [ d e ] a n th r a c e n e ,  a l th o u g h  m o le c u le s  VI and V II  c a n n o t  be
r u l e d  o u t .
The f i r s t  s t e p  i n  th e  p h o to c h e m ic a l  p r o c e s s  c o r r e s p o n d s  
t o  an  a b s t r a c t i o n  o f  h y d rogen  from  th e  m e th y le n e  b r i d g e .  I t  i s  
b e l i e v e d  t h a t  t h i s  p r o c e s s  does  n o t  t a k e  p l a c e  i n  th e  e x c i t e d  
s i n g l e t  s t a t e .  The f l u o r e s c e n c e  i s  a lm o s t  a p e r f e c t  m i r r o r  
image o f  th e  a b s o r p t i o n  and th e  0 - 0  band s h i f t  be tw een  a b s o r p t i o n  
a n d  e m is s i o n  i s  v e r y  s m a l l .  I t  w i l l  be r e c a l l e d  t h a t  t h e  
p h o s p h o re s c e n c e  was c h a r a c t e r i z e d  t o  be t h a t  o f  a compound i n  
w h ic h  more e x t e n s i v e  c o n j u g a t i o n  was i n  e f f e c t  th a n  t h a t  o f  
t h e  o r i g i n a l  h y d ro c a rb o n .  O b v io u s ly  th e  f i r s t  s t e p  i n  th e  
p h o to c h e m ic a l  d e c o m p o s i t io n  m ust be a r e v e r s i b l e  one s i n c e  no n e t
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e f f e c t  c o u ld  b e  found  a f t e r  e x te n d e d  r a d i a t i o n  o f  g l a s s y  s o l u t i o n s .
As a  second  s t e p  a  r a t h e r  e x t e n s i v e  h y d ro g en  m i g r a t i o n  and 
a t t a c k  b a c k  on t h e  r i n g  i s  i n d i c a t e d .  L o c a l  th a w in g  upon 
e x c i t a t i o n ,  t h e  ra n g e  o f  m i g r a t i o n  and th e  e t h a n o l  s o l u t i o n  
a b s o r p t i o n  s p e c t ru m  i n d i c a t e  t h a t  e i t h e r  I I  o r  I I I  a r e  r e a s o n a b l e  
c h o i c e s  f o r  t h e  s i t e  o f  h y d ro g en  m i g r a t i o n .  F o r  I I  t o  be formed 
a  hyd ro g en  i n t r a m o l e c u l a r  m i g r a t i o n  o f  a b o u t  f o u r  and o n e - h a l f  X 
i s  r e q u i r e d ;  w h i l e  f o r  I I I  a  m i g r a t i o n  o f  a b o u t  f i v e  and o n e - h a l f  
X i s  r e q u i r e d .  No e x p e r im e n t  w as c a r r i e d  o u t  w h ich  w ould  
d i s t i n g u i s h  b e tw ee n  s t r u c t u r e s  I I  and I I I .  The t h i r d  s t e p  i n  
t h e  o v e r a l l  p r o c e s s  i s  a  r a p i d  p h o to in d u c e d  p o ly m e r i z a t io n  o f  
th e  h y d ro c a rb o n  p roduced  i n  s t e p  tw o . I t  w i l l  be n o te d  t h a t  
t h e  s t y r e n e - t y p e  l i n k a g e s  on e i t h e r  I I  o r  I I I  s h o u ld  be  r e a d i l y  
am enable  t o  p o l y m e r i z a t i o n .  B ecause o f  t h e  v e r y  s m a l l  q u a n t i t i e s  
o f  b e n z a n th r e n e  a v a i l a b l e  and a l a c k  o f  i n t e r e s t  i n  t h e  p h o to c h e m ic a l  
p o ly m e r i z a t i o n  no f u r t h e r  s t u d i e s  o f  t h i s  p r o c e s s  w ere  c a r r i e d  
o u t .
A f t e r  t h e  e x te n d e d  d i s c u s s i o n  o f  th e  b e n z a n th r e n e  
m o le c u le  and i t s  p h o to c h e m is t ry  t h e  n e x t  l o g i c a l  s t e p  i s  to  
p o s t u l a t e  t h a t  th e  t r i p l e t  s t a t e  o f  b e n z a n th r e n e  i s  d i s s o c i a t i v e  
and t h a t  i t s  p h o s p h o re s c e n c e  i s  c h a r a c t e r i s t i c  o f  a  b e n z a n th re n e
a n i o n  o r  r a d i c a l .  F o r t u n a t e l y  t h e  a b s o r p t i o n  s p e c t r a  o f  t h e
57a n i o n s  o f  b e n z a n th r e n e  and t h e  b e n z f l u o r e n e s  hav e  b e e n  s t u d i e d .
I n  A ppend ix  B t h e  a b s o r p t i o n  s p e c t r a  o f  s e v e r a l  L i  s a l t s  o f  t h e  
b e n z f l u o r e n e s  and b e n z a n th r e n e  i n  c y c lo h e x y la m in e  and e t h e r  
s o l u t i o n s  hav e  b e e n  r e p r o d u c e d .  The l i t h i u m  s a l t  o f  b e n z a n th r e n y l  
a n i o n  i n  c y c lo h e x y la m in e  s o l u t i o n  h a s  a  t r a n s i t i o n  a t  4440X 
w i t h  a n  e x t i n c t i o n  c o e f f i c i e n t  o f  3 4 ,6 0 0  l . / m o l e  cm. and a 
lo w e r  e n e r g y  t r a n s i t i o n  b e tw ee n  5000& and 7000& w h ic h  e x h i b i t s  
s e v e r a l  v i b r a t i o n a l  maxiam. The lo w e s t  e n e rg y  v i b r a t i o n a l  band 
w h ic h  may be t h e  0 - 0  band i s  a t  6400& and h a s  a n  e x t i n c t i o n  
c o e f f i c i e n t  o f  6 ,7 0 0  l . / m o l e  cm. The s a l t  i n  e t h e r  s o l u t i o n  
shows s i m i l a r  t r a n s i t i o n s  w h ic h  a r e  b l u e  s h i f t e d  a b o u t  850 cm 
Even a l l o w in g  f o r  f u r t h e r  b l u e  s h i f t  o f  th e  lo w e s t  e n e rg y  
t r a n s i t i o n  when t h e  a n io n  i s  i n  n o n p o la r  s o l v e n t  and i s  a s s o c i a t e d  
w i t h  a  h y d ro g e n  i o n  r a t h e r  t h a n  a l i t h i u m  c a t i o n ,  i t  i s  l i k e l y  
t h a t  t h e  lo w e s t  e n e r g y  a b s o r p t i v e  t r a n s i t i o n  w i l l  s t i l l  be a t  
lo w e r  e n e r g y  th a n  t h e  p h o s p h o re s c e n c e  o b s e rv e d  f o r  b e n z a n th r e n e ,  
w h ic h  h a s  a  0 -0  band  a t  5510&. T h i s  l e a v e s  l i t t l e  c h o ic e  o t h e r  
t h a n  th e  c o n c l u s i o n  t h a t  t h e  p h o s p h o re s c e n c e  o b s e rv e d  f o r  
b e n z a n th r e n e  i s  n o t  c h a r a c t e r i s t i c  o f  t h e  b e n z a n t h r e n y l  a n i o n .
A p r i o r i  l i t t l e  c a n  be p r e d i c t e d  a b o u t  t h e  e m is s i o n s  from  th e
57A. S t r e i t w i e s e r ,  J r .  and J . I .  Brauman, J .  Am. Chem. 
S o c . . 85 , 2633 ( 1 9 6 3 ) .
d i s s o c i a t i v e  b e n z a n th re n e  r a d i c a l ;  how ever,  a s  a g e n e r a l  r u l e  
t h e  s i n g l e t  a b s o r p t i v e  t r a n s i t i o n s  f o r  r a d i c a l  s p e c i e s  a r e  
o b s e rv e d  t o  have  o n ly  s l i g h t l y  d i f f e r e n t  e n e r g i e s  from  th o s e  
o f  t h e  c o r r e s p o n d in g  a n i o n s .  The l a s t  o b s e r v a t i o n  a lo n e  sh o u ld  
be  s u f f i c i e n t  t o  r u l e  o u t  th e  o b se rv e d  p h o s p h o re s c e n c e  a s  
c h a r a c t e r i s t i c  o f  t h e  r a d i c a l  d i s s o c i a t i v e  s t a t e  o f  b e n z a n th r e n e .  
Hence i t  m ust be co n c lu d ed  t h a t  t h e  b e n z a n th re n e  a b s o r p t i o n ,  
f l u o r e s c e n c e ,  and p h o sp h o re s c e n c e  s p e c t r a  a r e  a l l  c h a r a c t e r i s t i c  
o f  t h e  b e n z a n th re n e  m o le c u le .  T h i s  r e q u i r e s  t h a t  th e  p h o to c h e m ic a l  
r e a c t i o n s  be  s e p a r a t e  and p r o c e s s e s  com peting  w i t h  t h o s e  o f  t h e  
e m is s i o n s  a n d , i n  a d d i t i o n ,  l e a v e s  th e  r e d  s h i f t s  o f  t h e  
b e n z a n th r e n e  s p e c t r a  o v e r  th o s e  o f  3 ,4 - b e n z f lu o r e n e  u n r a t i o n a l i z e d .  
I t  i s  th e  o p in io n  o f  t h i s  a u t h o r  t h a t  t h e s e  s p e c t r a l  s h i f t s  
c a n n o t  be r a t i o n a l i z e d  by com parison  o f  b e n z a n th re n e  s p e c t r a  
w i t h  th o s e  o f  1 - p h e n y ln a p h th a l e n e ,  2-p h e n y ln a p h th a l e n e  and th e  
b e n z f l u o r e n e s .  I t  i s  co n c lu d ed  t h a t  th e  e n e r g i e s  o f  th e  
e x c i t e d  s t a t e s  r e l a t i v e  t o  t h e  ground s t a t e  i n  th e  b e n z a n th re n e  
m o le c u le  a r e  c h a r a c t e r i s t i c  o n ly  o f  t h e  b e n z a n th r e n e  m o le c u le .  
R esem blance o f  th e  s p e c t r a  o f  b e n z a n th r e n e  t o  t h o s e  o f  th e  
b e n z f l u o r e n e s  i s  a r e s u l t  o f  th e  sh ap es  o f  th e  p o t e n t i a l  w e l l s  
i n  t h e  ground  and e x c i t e d  s t a t e s  and th e  p o t e n t i a l  w e l l  sh ap es  
a r e  a  f u n c t i o n  o f  m o le c u la r  g eom etry  w h ich  o f  n e c e s s i t y  i s  much 
t h e  same i n  b e n z a n th r e n e  a s  i t  i s  i n  3 ,4 - b e n z f l u o r e n e .
CHAPTER IV
THEORETICAL RESULTS AND CONCLUSIONS
A. 1 - P h e n y ln a p h th a le n e  a t  90°
The e l e c t r o n i c  e n e r g y  s t a t e s  o f  1 - p h e n y ln a p h th a l e n e  
w e re  c a l c u l a t e d  a s  a  f u n c t i o n  o f  th e  a n g l e  6 b e tw ee n  r i n g s  
t h a t  i s  i l l u s t r a t e d  i n  F i g u r e  28.
y
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FIGURE 28. The 1 - P h e n y ln a p h th a le n e  M o le c u le
The c a l c u l a t i o n  was made f o r  a n g l e s  0 = 9 0 ° ,  5 5 ° ,  45° and 0 ^ .  
The a n g l e  0 = 0 ^  c o r r e s p o n d s  t o  t h e  c o m p le te ly  p l a n a r  m o le c u le ,  
w h i l e  90° c o r r e s p o n d s  t o  t h e  o r i e n t a t i o n  i n  w h ich  t h e  r i n g s  a r e  
o r t h o g o n a l  t o  e a c h  o t h e r .
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The 90°  c a l c u l a t i o n  w i l l  b e  c o n s i d e r e d  f i r s t .  W ith  
th e  r i n g s  i n  t h i s  c o n f i g u r a t i o n  t h e  p i - o r b i t a l  i n t e r a c t i o n  
b e tw ee n  r i n g s  w ould  be e x p e c te d  t o  b e  a t  a n  a b s o l u t e  minimum.
The v a l u e  f o r  c o s 0  i s ,  o f  c o u r s e ,  z e r o  i n  t h i s  c o n f i g u r a t i o n .
One would  e x p e c t  t h a t  t h e  c a l c u l a t e d  MO's w ou ld  be  r e c o g n i z a b l e  
a s  t h o s e  o f  b e n ze n e  and n a p h t h a l e n e .  I n d e e d ,  t h e  MO's l i s t e d  
i n  T a b le  XXII i n  o r d e r  o f  i n c r e a s i n g  e n e r g y  a r e  e a s i l y  r e c o g n i z a b l e  
t o  be e s s e n t i a l l y  e i t h e r  t h o s e  o f  b e n ze n e  o r  n a p h t h a l e n e  a f t e r  
th e  SCF c a l c u l a t i o n .  T hese  c o n c l u s i o n s  can  be  drawn b y  p i c k i n g  
o f f  t h e  AO c o e f f i c i e n t s  f o r  a  g iv e n  MO g iv e n  i n  th e  t a b l e  o f  
f i n a l  e i g e n v e c t o s .  See e q .  ( 1 ) .  One would e x p e c t  s e v e r a l  
d i f f e r e n t  t y p e s  o f  t r a n s i t i o n s  t o  be p o s s i b l e  f o r  t h i s  g i v e n  
s e t  o f  M O's. T r a n s i t i o n s  s u c h  a s  \|r -* i(r a r e  a lm o s t  p u r e/ O
n a p h t h a l e n e  i n  o r i g i n  w h i l e  one su c h  a s  t h e  i|r,_ -♦ t r a n s i t i o n  
i s  a  n e a r l y  p u re  b en ze n e  t r a n s i t i o n .  As w e l l  a s  t h e s e  t r a n s i t i o n s ,  
t r a n s i t i o n s  w h ic h  w i l l  be r e f e r r e d  t o  a s  c h a r g e  t r a n s f e r ,  CT, 
t r a n s i t i o n s  f o r  t h e  0 = 9 0°  c a l c u l a t i o n  ( i . e . ,  t h e  i|fcg -* 
t r a n s i t i o n )  a r e  p o s s i b l e .  I n  T a b le  X X III  t h e  p r e d i c t e d  v a l u e s  
f o r  t r a n s i t i o n  e n e r g i e s ,  o s c i l l a t o r  s t r e n g t h s ,  t r a n s i t i o n  
mom ents, t r a n s i t i o n  p o l a r i z a t i o n s  and d i p o l e  moments a r e  g iv e n  
f o r  t h e  s i n g l e t  t r a n s i t i o n s .
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TABLE XXXI
MO Sym m etries  and I d e n t i t i e s  f ro m  t h e  90° SCF-MO C a l c u l a t i o n
MO O r b i t a l * I d e n t i f i c a t i o n
*13 . B1uN N a p h th a le n e
*12 E2uB
Benzene
*11 E2uB Benzene
*10
S3toCO
M N a p h th a le n e
'*9 ~*2gN N a p h th a le n e
*8
N a p h th a le n e
*7 B1uB
N a p h th a le n e
*6 V
Benzene
*5 El g B
Benzene
* 4 - B3gN
N a p h th a le n e
*3 B2gN
N a p h th a le n e
> 2 A2ub
Benzene
*1 Blu »
N a p h th a le n e
* I n  a d d i t i o n  t o  t h e  norm al sym m etry n o t a t i o n  a B o r  a n  N h a s  
b een  added  to  i d e n t i f y  to  w h ic h  h a l f  o f  t h e  m o le c u le  t h e  MO 
b e l o n g s .
TABLE XXIII
1 -P h en y ln ap h th a len e , 9 0 ° , S in g le t  T r a n s it io n s
T r a n s i t i o n
ev
E nergy
- 1cm £ F M T r a n s .  P o l . D.M.
r
&
^aN
\ n
4 .4 8 2 4
4 .2 6 0 5
3 0 ,155
34 ,365
2766
2910
0 .3 2 5 0 .9 1 0 y 0 .1 3 3
0 .007y
* 1 1
8
CT 5.9047 47 ,649 2099 2 1 . 2 2Z
♦i* pm 5.7700 46 ,541 2149 m*f vA 2 1 .1 4OX ix€u
4 3
♦?
U 0
T? 5.8681
5 .8136
6 .4355
4 7 ,3 3 2
4 6 ,8 9 2
51,909
2113
2133
1926
mixed
y
0 . 0 0 0
0 .0 5 2
0 .0 9 3
I s
j BbN
BaN
2.071
0 .9 1 4
2.017
1 .2 7 4
♦'6
CT 5 .9 0 7 4 47 ,649 2099 -------- 2 1 .7 4
*i°
pm 7 .0 1 8 8 5 6 ,614 1767 _ rm 2 1 .4 6OX /Sb
♦ a
♦,12
*9
| LaB
BbB
CT
6.1590
7 .0177
4 9 ,6 7 8
56 ,605
2013
1767
0 .059
1 . 2 0 0
0 .3 3 2
1.397
mixed
z
0 . 1 2 1
0 . 0 0 0
5 .7700 46 ,541 2149 mixed 2 1 .8 4
*,11
■jr'io " /
1, 4 .9 0 6 5
6 .2 7 8 2
♦ 39 ,576  
50 ,640
2527
1975
mixed 0 . 0 0 0
0 .0 5 8i c bB
bN
0.059 0 .329
?N 6 . 2 0 2 2 50,027 ) 1999 0 .007
CT 7 .0 1 8 8 5 6 ,614 1767 A/7 2 1 .4 6JL7 \
*,12 CT 6.9230 55,841 \ 1791
\
mixed 2 1 .4 6
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The n a p h t h a l e n e  and b e n z e n e  t r a n s i t i o n s  com pare
f a v o r a b l y  w i t h  s i m i l a r  o n es  done on  t h e  s e p a r a t e  sy s te m s  by
58 59P o p le  and P a r i s e r .  T hese  c o m p a r iso n s  a r e  made i n  T a b le  XXIV.
The c o m p a r is o n s  o f  t h e s e  r e s u l t s  w i t h  n a p h t h a l e n e  t r a n s i t i o n s
a r e  e x c e l l e n t  and th e  p r e s e n t  v a l u e s  f a l l  b e tw e e n  t h o s e  o f
P o p le  and  P a r i s e r .  I n  t h e  c a s e  o f  b en ze n e  t h e  c o m p a r iso n s
a r e  n o t  s t r i c t l y  v a l i d  b e c a u s e  th e  MO o f  b e n ze n e  w as n o t
in c lu d e d  i n  t h e  c o n f i g u r a t i o n  i n t e r a c t i o n  schem e. A l th o u g h
th e  t r a n s i t i o n  sy m m e tr ie s  o f  t h e  b e n z e n e  t r a n s i t i o n s  a r e  c o r r e c t
1 1  1 1  and t h e  l a b e l i n g  o f  th e  A -* B, „ and th e  A -» B „ t r a n s i t i o n sbB aB
i s  p r o b a b ly  c o r r e c t ,  t h e  e n e r g i e s  a r e  l i k e l y  t o  be s l i g h t l y
h ig h  b e c a u s e  t h e  A_ _ MO was n o t  i n c lu d e d  i n  th e  C l c a l c u l a t i o n .2uB
N e v e r t h e l e s s  t h e s e  b en ze n e  t r a n s i t i o n s  f a l l  a t  o n ly  s l i g h t l y  
h ig h e r  e n e r g i e s  t h a n  do t h o s e  o f  P a r i s e r  and P o p le .  I t  i s  
i n t e r e s t i n g  to  n o t e  t h a t  t h e  r e m a in in g  d e g e n e ra c y  i n  t h e  
b en zen e  s y s te m  h a s  been  p a r t i a l l y  rem oved . P a r i s e r  and  P o p le  
r e p o r t ,  a s  a n e c e s s a r y  r e s u l t ,  t h e  d e g e n e ra c y  o f  t h e  ^B^ and 
^B s t a t e s .  I n  t h e  p r e s e n t  c a l c u l a t i o n  t h i s  d e g e n e r a c y  h a s  b eenQl
v e r y  s l i g h t l y  rem oved . A f t e r  c o n f i g u r a t i o n  i n t e r a c t i o n ,
58 J .A .  P o p le ,  P r o c .  P h y s .  S o c . . 6 8 . 81 (1 9 5 5 ) .
59R. P a r i s e r ,  l o c .  c i t .
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TABLE XXIV
B enzene and N a p h th a le n e  T r a n s i t i o n  E n e r g i e s
B enzene T r a n s i t i o n s  
T r a n s i t i o n  E n erg y  cm ^ O s c i l l a t o r  S t r e n g t h  C o n t r i b u t o r
A ~* ^ B 3 8 ,0 0 0 a
3 9 ,5 0 0 0 . 0 0 0 b
3 7 ,9 0 0 0 . 0 0 0 c
3 9 ,5 8 0 0 . 0 0 0 d
■ 1A -  \  B a " 4 8 ,0 0 0 a
4 3 ,0 0 0 b
4 8 ,0 7 0 0 . 0 0 0 c
4 9 ,6 8 0 0 .0 5 9 d
l A -  \ B 5 4 ,5 0 0 a
-  1B tj 5 6 ,000 b
5 2 ,8 2 0 2 .2 1 5 c
5 6 ,8 9 0 0 .9 6 6
5 6 ,6 0 0 1 . 2 0 0 d
131
T ab le  XXIV (C on tin u ed -!
T r a n s i t i o n  E n e rg y  cm ^ O s c i l l a t o r  S t r e n g t h  C o n t r i b u t o r
1A -* 1LbN 3 2 ,0 0 0  a
3 5 .5 0 0    b
3 2 .4 1 0  ‘  0 .0 0 0  c
3 4 ,3 6 5  0 .0 0 0  d
LA -  1LaN 3 4 ,5 0 0  a
3 7 .5 0 0    b
3 2 .4 1 0  0 .2 6 5  c
3 6 ,1 5 5  0 .3 2 5  d
-  1 BbN 4 5 ,5 0 0  a
4 9 .5 0 0  — —  b
4 7 ,9 0 0  2 .1 1 5  c
4 6 ,8 9 0  2 .0 7 1  d
1^  -* BaN 6 0 ,0 0 0  a
5 0 ,0 0 0    b
5 7 ,2 3 0  0 .0 0 0  c
5 1 ,9 0 9  0 .4 1 4  d
C o n t r i b u t o r s :
a .  e x p e r i m e n t a l  v a l u e s
b .  P o p le  R e fe r e n c e  15
c .  P a r i s e r  R e fe re n c e  3
d .  T h i s  w ork
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I n c l u d i n g  t h e  n a p h t h a l e n e  l o c a l i z e d  M O 's, t h e  s p l i t t i n g  I s
1 1a b o u t  0 .0 2 5 e v  b e tw ee n  t h e  B and B, s t a t e s .  I f  one f o l l o w sa b
t h e  b enzene  MO's a s  t h e  a n g l e  b e tw een  r i n g s  ch a n g e s  I t  c a n  be
s e e n ,  a s  e x p e c te d  b e c a u s e  o f  g r e a t e r  C l  b e tw ee n  s u b s y s te m s ,
t h a t  t h e  *B ,_ -*B  _ s p l i t  becom es l a r g e r .
DJJ 313
T r a n s i t i o n s  w h ich  a r e  t h e  r e s u l t  o f  e x c i t a t i o n s  
i n v o l v i n g  b o t h  b e n z e n e  and n a p h t h a le n e  MO's m e r i t  some 
c o n s i d e r a t i o n .  These  t r a n s i t i o n s ,  a s  a  r e s u l t  o f  th e  m o le c u la r  
c o n f i g u r a t i o n ,  m ust be f o r b id d e n  and show z e r o  o s c i l l a t o r  
s t r e n g t h s .  I n  t h i s  c a l c u l a t i o n  t h e s e  e x c i t e d  s t a t e s  a l l  show 
v e r y  h ig h  d i p o l e  m om ents; 2 1 .1 -2 1 8 D . I f  one p l a c e s  f u l l  
p o s i t i v e  and n e g a t i v e  c h a rg e s  a t  th e  c e n t e r s  o f  th e  p h e n y l  and 
n a p h th y l  r i n g s  and c o n s i d e r s  t h e  c h a rg e  s e p a r a t i o n ,  t h e  r e s u l t i n g  
c a l c u l a t e d  d i p o l e  moment i s  21. 5D. T h i s  phenomena i s  a  r e s u l t  
o f  t h e  h i g h l y  l o c a l i z e d  c h a r a c t e r  o f  t h e  u n o c c u p ie d  a s  w e l l  a s  
t h e  o c c u p ie d  MO's. I f  one t a k e s  i n t o  a c c o u n t  t h e  f a c t  t h a t  t h e  
two r i n g  s y s te m s  need  n o t  m eet r e q u i r e m e n t s  f o r  s t a b i l i t y  o f  
a ground  s t a t e  com plex  b e c a u se  o f  th e  c-bond  b e tw een  r i n g s ,  
t h e s e  t r a n s i t i o n s  m eet t h e  r e q u i r e m e n t s  o f  c l a s s i c a l  i n t r a ­
m o le c u la r  c h a rg e  t r a n s f e r  t r a n s i t i o n s  o u t l i n e d  by  M u l l i k e n . ^
^ R . S .  M u l l ik e n ,  Am. Chem. S o c . . 74 . 811 ( 1 9 5 2 ) .
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As lo n g  a s  t h e  p i - o r b i t a l  i n t e r a c t i o n  be tw een  r i n g s  r e m a in s  
n e a r l y  z e r o ,  t h e  MO's rem a in  e s s e n t i a l l y  l o c a l i z e d ,  and 
c o n s i d e r i n g  th e s e  t r a n s i t i o n s  t o  be c h a rg e  t r a n s f e r  t r a n s i t i o n s  
s h o u ld  be v a l i d .  Some o f  t h e  lo w er  e n e rg y  CT t r a n s i t i o n s  a r e  
t a b u l a t e d  i n  T ab le  XXV.
TABLE XXV
Charge T r a n s f e r  T r a n s i t i o n s  i n  90° 1 -P h e n y ln a p h th a le n e
T r a n s i t i o n E n e rg y  cm- 1 CT d i r e c t i o n
4 6 ,5 4 0
4 7 ,6 5 0
55 ,910
5 6 ,6 1 4
b en ze n e  t o  
n a p h th a le n e
4 6 ,5 4 0
4 7 ,6 5 0
5 6 ,6 1 4
55 ,840
n a p h t h a le n e  
t o  b enzene
Two o b s e r v a t i o n s  can  be made from  T ab le  XXV. F i r s t ,  c h a rg e  
t r a n s f e r  t r a n s i t i o n s  o c c u r  b o t h  from  benzene  t o  n a p h t h a le n e
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and from  n a p h t h a l e n e  t o  b e n z e n e .  Second, th e  CT t r a n s i t i o n s  
f o r  t h i s  m o le c u la r  c o n f i g u r a t i o n  o c c u r  i n  d e g e n e r a t e  p a i r s ,  
t h e  n e x t  t o  h i g h e s t  e n e rg y  p a i r  b e in g  n o t  q u i t e  d e g e n e r a t e .
The r e a s o n  t h a t  t h e s e  d e g e n e r a c i e s  re m a in  a f t e r  c o n f i g u r a t i o n  
i n t e r a c t i o n  i s  n o t  c l e a r .
A summary o f  t h e  SCF-MO-CI c a l c u l a t i o n  f o r  th e  90° 
c o n f i g u r a t i o n  f o l l o w s :
1. The o c c u p ie d  and u n o c cu p ied  m o le c u la r  o r b i t a l s  
a r e  h i g h l y  l o c a l i z e d  and c h a r a c t e r i s t i c  o f  t h e  b en zen e  and 
n a p h th a le n e  p o r t i o n s  o f  t h e  m o le c u le ;
2. E l e c t r o n i c  t r a n s i t i o n s  a r e  p r e d i c t e d  w h ich  a r e  
c h a r a c t e r i s t i c  e i t h e r  o f  p u re  benzene  o r  o f  p u re  n a p h th a le n e  
and t h e s e  c a l c u l a t e d  t r a n s i t i o n  e n e r g i e s  compare f a v o r a b l y  
b o th  w i t h  th o s e  o f  o t h e r  s i m i l a r  c a l c u l a t i o n s  and w i t h  
e x p e r i m e n t a l  e v a l u a t i o n s ;
3 . New s e t s  o f  d e g e n e r a t e  t r a n s i t i o n s  w ere  
p r e d i c t e d  t o  have z e ro  o s c i l l a t o r  s t r e n g t h s  and h ig h  d i p o l e  
moments and w ere  s a t i s f a c t o r i l y  c h a r a c t e r i z e d  t o  be c h a rg e  
t r a n s f e r  t r a n s i t i o n s  f o r  t h i s  m o le c u le .
B. 1 -P h e n v ln a p h th a le n e  a t  I n t e r m e d i a t e  A n g le s
The r e s u l t s  o f  th e  c a l c u l a t i o n s  f o r  0 = 5 5 ° ,  45° 
and 0 °  w i l l  be c o n s id e r e d  a t  th e  same tim e r a t h e r  t h a n  s e p a r a t e l y .
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In  T a b les  XXVI, XXVII and XXVIII the v a lu e s  fo r  o s c i l l a t o r
s t r e n g t h s ,  t r a n s i t i o n  moments, t r a n s i t i o n  p o l a r i z a t i o n s  and
d i p o l e  moments a r e  g iv e n .  I n  T ab le  XXIX th e  bond o r d e r s  f o r
a l l  bonds i n  t h e  g round s t a t e  and i n  th e  ^1*^*
e x c i t e d  s t a t e s  a r e  g iv e n  f o r  th e  c a s e  o f  th e  55°:.c o n f o r m a t io n .
T hese  v a l u e s  a r e  c o n s id e r e d  t o  be t y p i c a l  o f  th e  bond o r d e r s
i n  t h e s e  c a l c u l a t i o n s .  I n  F ig u r e  29 a s c h e m a t ic  r e p r e s e n t a t i o n
o f  t h e  low er e n e rg y  s i n g l e t  e l e c t r o n i c  t r a n s i t i o n s  a s  a f u n c t i o n
o f  r i n g  a n g le  i s  g iv e n .
The v a l u e s  o f  th e  AO c o e f f i c i e n t s ,  C. , from* ip*
e q u a t i o n  21 g iv e  an  i n s i g h t  i n t o  t h e  e l e c t r o n i c  d i s t r i b u t i o n  
f o r  a g iv e n  MO. In d e e d ,  f o r  any  p a r t i c u l a r  MO e q u a t i o n  21 i s  
a p p l i c a b l e .
2  C? = 1 . . . . 2 1
ipP
S in c e  th e  b a s i s  s e t  o f  AO's rem a in s  c o n s t a n t  th ro u g h o u t  t h e  
2
c a l c u l a t i o n ,  C. sh o u ld  be a m easure  o f  t h e  r e l a t i v e  e l e c t r o n  i p
d e n s i t y  a t  c a rb o n  p f o r  MO i .  I n  c o n s i d e r i n g  th e  e l e c t r o n i c  
t r a n s i t i o n s ,  one would l i k e  t o  know a s  much a s  p o s s i b l e  a b o u t  
th e  m o le c u la r  o r b i t a l s  i n v o l v e d .  I t  was o b se rv e d  i n  t h e  90° 
c a l c u l a t i o n  t h a t  t h e s e  MO's w ere  h i g h l y  l o c a l i z e d  on e i t h e r
TABLE XXVI
1-P h en y ln ap h th a len e, 5 5 ° , S in g le t  T r a n s it io n s
T r a n s i t i o n
ev
E nergy
- 1cm a F M T r a n s .  F o l . D.M.
*98 \ n 4 .3045
34 ,720 2880 0 .471 1 .1 1 8 y 0 .4 3 6
* 10
**bN 4 .2 2 6 4
34 ,090 2933 mixed 1 .9 8 2
♦s
% r Ma
5 .3893 43 ,470 2300 0 .2 2 8 0 .6 9 4 mixed 0 .1 1 8
* 12 ? 4 .7711 3 8 ,484 2598 mixed 7 .8 1 98
f n
6 .2 7 3 4 50,601 1976 0 .049 0 .2 9 9 ~y 0 .1 3 3
*7 \ s 5 .7508 46 ,386 2156 1 .360 1 .6 4 4 \ 0 . 7 6 6
.1 0
*7
h aN 6.5891 53 ,148 1882
0 .1 1 8 0.451 y 0 .6 1 8
.1 1 *) 6.0259 48 ,605 2057 _ 1.907
7
'-'■aw
? 5.4580 4 4 ,0 2 4 5 .085
^6
ZZ/ 1
lBbB 6.0576
48 ,861 2047 mixed 4 .5 6 5
\ > 5.8447 4 7 ,1 4 3 2121
0 .4 2 8 0 .9 1 4 ~ac 0 .4 3 5
* 9 l r 6.1389 49 ,516 2020 NX 0 .4 5 2^4 bN
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TABLE XXVII
1-P h en y ln ap h th a len e , 4 5 ° , S in g le t  T r a n s it io n s
T r a n s i t i o n
ev - 1cm
E nergy
£ F M T r a n s .  P o l . D.M.
+8 LaH
4.2069 33 ,933 2947 0 .5 4 6 1 .218 0 .5 8 6
10 : =
H jN
4.2061 33 ,926 2948- mixed 2 .730
♦a
I11
*8
H12
XMa
?
5.2880  
4 .7 0 5 0
42 ,653
3 7 ,950
2344
2635
0 .2 0 8 0 .670 mixed 0 .4 5 2
9 .3 3 3
f n
6 .2780 5 0 ,638 1975 0 .0 4 8 0 .2 9 6 0 .407
\ n 5 .6976 45 ,957
2176 1 .0 7 5 1 .4 6 8 '-mX 1 .0 9 3
1 ,
aN 6 .3915 5 1 ,5 5 4 1940 0 .631 1 .0 6 2
0 .4 4 3
? 5 .9 8 4 4 4 8 ,2 7 0 2072 4 .907
i 2
?
lBbB
\
5 .3573
6 .1 3 0 2
5 .8155
43 ,212
49 ,446
46 ,9 0 8
2314
20 2 2
2132
mixed
mixed
5 .2 1 2
4 .9 3 5
0 .3 3 70 .6 6 7 1 .1 4 5
< lr 6 .1706 4 9 ,7 7 2 2009 2 .459bN 137
T r a n s i t i o n
TABLE XXVIII 
1 -P h e n y ln a p h th a le n e ,  0 ° ,  S i n g l e t  T r a n s i t i o n s  
E nergy
ev - 1cm 2 F M T r a n s .  P o l . D.M.
t 9% LaN 4.0097
3 2 ,3 4 2 3092 0 . 6 8 6 1 .3 9 8 0 .7 0 4
,10
^8 S n .4 .1 5 8 8 33 ,545
2981 mixed 3 .7 9 3
i,11 ? 5 .1816 41 ,795 2393 mixed 4 .527
^8
.12
*8
? 4 .5766 Q I C 2709 mixed 1 0 .1 8• 3 0  ^
*8 3 f n 6 .2859 50 ,702 1972
0 .0 5 0 0 .3 0 0 y 0 .871
BbN 5 .5730 4 4 ,952
2224 0 .5 5 3 1 .065 r-JC 1 .910
i10
aN 6.3690 51 ,372
1946 0 .5 8 3 1 .023 rJZ, 0 .9 5 0
? 5 .8866 47 ,481 2106 5 .593
*6
*62
a
\*
5 .1311
6 .2798
41 ,387
50 ,653
2416
1974
0 .161 0 .599 mixed ' 1 .4 8 0
1
3 .906
\ 5 .7562 46 ,430 2154 1 .083 1 .4 6 6 1 .161
i 1 6 .2 1 1 2 50 ,100 1996 - y 2 .0 4 2CbN 138
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TABLE XXIX
Bond O rd e rs  f o r  55° 1 - P h e n y ln a p h th a le n e
S t a t e s
Bond So lL a<N> V N> \ < » )
1 - 2 .7 2 9 .5 0 8 .6 1 5 .6 1 4
2 -3 .5 8 9 .709 .4 9 9 .5 3 3
3 - 4 .7 3 9 .5 4 2 .6 3 8 .637
4 - 5 .5 3 8 .532 .5 3 6 .5 3 6
5 -1 0 .5 4 3 .530 .3 1 6 .4 0 0
5 -6 .5 4 0 .5 4 3 .5 4 4 .5 4 2
6-7 .7 4 0 .5 6 3 .6 4 8 .6 4 5
7 -8 .5 8 8 .6 9 0 .4 8 8 .5 2 2
8 -9 .7 3 9 .553 .6 4 4 .6 4 2
9 -10 .5 4 3 .561 .5 5 2 .5 5 0
1 - 1 0 .5 3 0 .508 .521 .5 2 0
1 - 1 1 .1 7 7 .289 .2 3 5 .2 3 6
1 1 - 1 2 .6 5 6 .617 .6 3 3 .6 2 8
12 -1 3 .6 6 9 .6 8 3 .677 .6 3 9
13 -1 4 .6 6 5 .646 .6 5 3 .6 5 0
14 -15 .6 6 5 .646 .6 5 3 .647
15-16 .6 6 9 .683 .677 .637
11-16 . 6 6 6 .617 .6 6 3 .6 3 0
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300rau2 0 0 mu 250mu
m
j f H
i
W w W M  V,’ W  V
1 -  F „  1„ 1 rt
aN bBCbN M, BbN M
ZL l LbN aN
-1— 1— 1— 1 L _J— I— I— I 1— 1— L— I I 1 I I-  1 i 1 t i i .
50 45 40 35
-1  3W av e le n g th  cm x  10
F ig u r e  29. The 1 - P h e n y ln a p h th a le n e  S i n g l e t  T r a n s i t i o n s
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b e n ze n e  o r ^ n a p h t h a l e n e .  A s e r a i - q u a n t i t a t i v e  e v a l u a t i o n  o£ th e  
d e l o c a l i z a t i o n  i n  a n y  g iv e n  MO w ould  be a  v a l u a b l e  q u a n t i t y .
F o r  t h i s  p u rp o s e  a new q u a n t i t y  w i l l  be  d e f i n e d  i n  e q u a t i o n  22.
16 ■
100 2  Cf n l f i
11 2r  = ■ ■-----—------  = 100 s  cr . . . . 2 2D 16 .  1 0  „ xp
s  cr + e  cf 
XI IP  1 1P
1^ i s  a  m easu re  o f  t h e  % b e n ze n e  c h a r a c t e r  o f  a g iv e n  MO. I f  
I p  = 100% t h e  MO w i l l  be c o n s id e r e d  t o  be l o c a l i z e d  e n t i r e l y  
on  t h e  b e n ze n e  r in g ,  w h i l e  a  v a l u e  o f  1^  = 0 % c o r r e s p o n d s  t o  
a n  MO e n t i r e l y  l o c a l i z e d  on th e  n a p h t h a l e n e  r i n g .  V a lu e s  
b e tw e e n  t h e s e  two e x t re m e s  i n d i c a t e  th e  e x t e n t  o f  d e l o c a l i z a t i o n  
o f  t h e  MO. I n  T a b le  XXX, 1^ v a l u e s  from  th e  SCF c a l c u l a t i o n  
a r e  l i s t e d  a s  a  f u n c t i o n  o f  r i n g  a n g l e .  The d a t a  in. T ab le  XXX 
i n d i c a t e  t h a t  a t  0°  some SCF-MO's a r e  a lm o s t  c o m p le te ly  d e l o c a l i z e d  
o v e r  b o t h  r i n g s  ( i . e . ,  and b o t h  b e l o n g in g  to  b e n z e n e  a t  
9 0 ° )  w h i l e  o t h e r  r e t a i n  a lm o s t  e n t i r e l y  t h e i r  su b m o le cu le  
i d e n t i t i e s  ( i . e . ,  and b e lo n g in g  t o  b enzene  and and 
b e l o n g in g  t o  n a p h t h a l e n e ) .  C o n f i g u r a t i o n  i n t e r a c t i o n  
p ro d u c e s  s e t s  o f  c o n f i g u r a t i o n a l  s t a t e s  from  w h ic h  th e  e l e c t r o n i c  
t r a n s i t i o n s  o f  th e  m o le c u le  a r e  c a l c u l a t e d .  I t  i s  w o r th  n o t i n g
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TABLE XXX 
E x t e n t  o f  O r b i t a l  D e l o c a l i z a t i o n ,  1^
SCF-MO 90°____________ 55^_____________ 45^___________0 °
1 0 5 .3 9  8 .6 5  1 6 .1
2 1 0 0  9 1 .5  8 6 .4  7 5 .2
3 0 3 .3 3  5 .4 2  1 0 .8
4 0 9 .7 9  1 5 .8  2 2 .3
5 100 9 9 .7  9 9 .5  9 8 .3
6 100 7 9 .1  7 0 .3  5 5 .6
7 0 .0 2  . 0 4  1 .4 5
8 0 9 .0 9  1 3 .2  2 0 .1
9 0 9 .d 9  1 3 .2  2 0 .1
10 0 . 0 2  . 0 4  1 .4 5
11 100 7 9 .1  7 0 .3  5 5 .6
12 100 9 9 .8  9 9 .5  9 8 .2
13 0 9 .4 2  1 5 .7  2 2 .3
i
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t h a t  t h e s e  s t a t e s  a r e  n o t  c o n s i s t e n t  from  one t r a n s i t i o n  t o  
a n o t h e r .  I t  i s  a p p a r e n t  t h a t  a  new s e t  o f  c o n f i g u r a t i o n a l  
s t a t e s  i s  computed f o r  e a c h  d i f f e r e n t  e l e c t r o n i c  d i s t r i b u t i o n .
Some g e n e r a l  comments a r e  r e l e v a n t  a t  t h i s  t im e .
The t r a n s i t i o n s  i n  th e  90° c o n f i g u r a t i o n ,  w h ich  w ere  ^
c h a r a c t e r i s t i c  o f  benzene  and a g re e d  w e l l  w i t h  p u re  benzene 
t r a n s i t i o n s ,  b e c a u se  o f  o r b i t a l  d e l o c a l i z a t i o n  and c o n f i g u r a t i o n  
i n t e r a c t i o n  s h i f t  s t r o n g l y  t o  th e  b lu e  a s  t h e  p h e n y l  r i n g  i s
*o 1. 1, ... , 1* 1.
aBr o t a t e d  from  90 . The A -» L_„ and A -* t r a n s i t i o n s  lo s e
1 1t h e i r  i d e n t i t y  c o m p le te ly .  The A -» t r a n s i t i o n  i s  t h e
o n ly  b e n ze n e  t r a n s i t i o n  p r e d i c t e d  t o  rem a in  i n  th e  e x p e r i m e n t a l l y  
a c c e s s i b l e  u l t r a v i o l e t ,  and i t  i s  c a l c u l a t e d  t o  have  a v e r y  low 
o s c i l l a t o r  s t r e n g t h  when t h e  p h en y l r i n g  i s  r o t a t e d  from  9 0 ° .  
These p r e d i c t i o n s  cau se  s e v e r e  d o u b t t h a t  t h e  1 -p h e n y ln a p h th a le n e  
s p e c t ru m  can  be c a l c u l a t e d  by th e  a d d i t i o n  o f  th e  s e p a r a t e
61s p e c t r a  o f  ben zen e  and n a p h th a le n e  i n  th e  manner done by J o n e s .
The n a p h th a le n e  t r a n s i t i o n s ,  1A -  C1^ ,  1LaN, l BbN, 1CbN> 1 BaN>,
s u r v iv e  C l and r e t a i n  a t y p i c a l l y  n a p h th a le n e  a p p e a ra n c e
r e g a r d l e s s  o f  th e  a n g le  o f  t h e  p h e n y l  r i n g .  E n e r g e t i c a l l y ,
1 1a s  one w ould  p r e d i c t  from  T a b le  XXX t h e  A -» B ^  t r a n s i t i o n  i s
^ R . N .  J o n e s ,  Chem. R e v . . 3 2 . 1 ( 1 9 4 3 ) .
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a lm o s t  e x a c t l y  in d e p e n d e n t  o f  r i n g  a n g l e .  S i m i l a r l y  t h e  
1 1  1 1A -» and  th e  A -* t r a n s i t i o n s  v a r y  o n ly  s l i g h t l y  w i t h
r i n g  a n g l e .  The ^A -* t r a n s i t i o n ,  b e c a u s e  o f  a  more
s i g n i f i c a n t  d e l o c a l i z a t i o n  o f  t h e  o r b i t a l s  i n v o l v e d ,  s h i f t s  
r e d  by 0 .4 7 e v  b e tw ee n  th e  90° and  th e  0 °  m o l e c u l a r  c o n f i g u r a t i o n s .
One o f  th e  more i n t e r e s t i n g  a s p e c t s  o f  t h i s  
c a l c u l a t i o n  w as t h a t  o f  w a tc h in g  th e  f a t e  o f  th e  CT t r a n s i t i o n s ,  
l i s t e d  i n  T a b le  XXV, a s  t h e  p h e n y l  r i n g  was r o t a t e d  f ro m  9 0 ° .
B e fo re  t h e s e  t r a n s i t i o n s  a r e  d i s c u s s e d  a  d i f f i c u l t y  i n  
i n t e r p r e t a t i o n ,  o r  p e r h a p s  o n ly  i n  n o m e n c la tu r e ,  m ust be 
re v ie w e d  and r e c o n s i d e r e d .  O f te n  i n  t h e  l i t e r a t u r e  d o u b t f u l  
t r a n s i t i o n s  a r e  s a i d  t o  have  CT c h a r a c t e r  o r  i t  i s  s a id  t h a t  
a p a r t i c u l a r  tt n* t r a n s i t i o n  i s  s t e a l i n g  i n t e n s i t y  o r  b o r ro w in g  
i n t e n s i t y  f ro m  a CT s t a t e .  I n  many c a s e s  t h e  m ean ing  o f  t h e s e  
c o n c e p t s  i s  o b s c u r e  a t  b e s t .  I n  t h i s  c a l c u l a t i o n  t h e r e  i s  a 
f u z z y  i n t e r v a l  d u r in g  w h ich  t h e  p h e n y l  r i n g  b e g i n s  t o  r o t a t e  
from  90°  when i t  i s  t r u l y  d o u b t f u l  w h a t  k in d  o f  t e r m in o lo g y  
s h o u ld  be  a p p l i e d  to  th e  t r a n s i t i o n s  l i s t e d  i n  T a b le  XXV. I t  
seems r e a s o n a b l e  t h a t  f o r  a t r a n s i t i o n  t o  be c a l l e d  a CT t r a n s i t i o n  
i t  m ust in v o l v e  a  s i g n i f i c a n t  t r a n s f e r  o f  e l e c t r o n i c  c h a rg e  
b e tw ee n  t h e  g round  s t a t e  and t h e  e x c i t e d  s t a t e  i n  q u e s t i o n .  When
t h e  m o le c u le  i n  i t s  g round  s t a t e  h a s  a z e ro  d ip o l e  moment t h i s  
r e q u i r e s  t h a t  th e  e x c i t e d  s t a t e  have  a s i g n i f i c a n t  d ip o l e  moment.
I n  th e  90° 1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n  t h e r e  a r e  f o u r  CT 
t r a n s i t i o n s ,  o c c u r r i n g  i n  d e g e n e r a te  p a i r s ,  w h ich  a r e  i n  an  
e x p e r i m e n t a l l y  i n t e r e s t i n g  r e g i o n .  By th e  t im e  t h e  m o le c u le  i s  
r o t a t e d  t o  55° th e  d e g e n e ra c y  o f  t h e s e  t r a n s i t i o n s  i s  p e rm a n e n t ly  
l o s t .  At a n g l e s  o f  l e s s  th a n  o r  e q u a l  t o  55° two o f  th e s e  
t r a n s i t i o n s  a r e  c o m p le te ly  f o r b id d e n  w h i le  th e  o t h e r  two 
have s i g n i f i c a n t  o s c i l l a t o r  s t r e n g t h s .  The f o r b id d e n  t r a n s i t i o n s  
r e t a i n  h ig h  d i p o l e  moments b u t  a r e  e x p e r i m e n t a l l y  u n i n t e r e s t i n g  
and w i l l  be h e n c e f o r t h  ig n o r e d .  The o th e r  two t r a n s i t i o n s  
w h ich  show s i g n i f i c a n t  o s c i l l a t o r  s t r e n g t h s  have in  a l l  c a s e s  
low d ip o l e  moments ( 0 .1 2  - 1.48D a s  compared w i t h  th e  "'’A -» ^ B ^  
moment w h ich  i s  1 .91D ). In  th e  5 5 ° ,  4 5 ° ,  and 0° m o le c u la r  
c o n f i g u r a t i o n s  th e  a u t h o r  c o n s id e r s  th e s e  t o  be tt -* tT* t r a n s i t i o n s  
t y p i c a l  o f  th e  1 -p h e n y ln a p h th a le n e  chrom ophore . F o r  th e  sake  
o f  b r e v i t y  and in  th e  s p i r i t  o f  t h e  P l a t t  n o m e n c la tu re  th e
low er e n e rg y  o f  th e s e  s t a t e s  w i l l  be d en o te d  a s  th e  s t a t e
1 1 1  and th e  h i g h e r  en e rg y  one a s  th e  s t a t e .  The A -* M
t r a n s i t i o n s  o c c u r s  a t  3 ,0 0 0  - 3 ,6 0 0  cm  ^ low er e n e rg y  th a n  th e
^A -* ^ B ^  t r a n s i t i o n  and has an  o s c i l l a t o r  s t r e n g t h  o f  0 .1 6  - 0 .2 3 .
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1 1  -1  The A -* t r a n s i t i o n  o c c u r s  a t  750 -  1500 cm h i g h e r  e n e r g y
1 1t h a n  th e  A -» I t s  o s c i l l a t o r  s t r e n g t h  s t e a d i l y  i n c r e a s e s
f ro m  0 .4 3  t o  1 .0 8  a s  t h e  r i n g s  come i n t o  p l a n e .  I n  t h e  0°
c o n f i g u r a t i o n  th e  ^A -* t r a n s i t i o n  h a s  a  h ig h e r  o s c i l l a t o r
s t r e n g t h  th a n  th e  ^A -♦ t r a n s i t i o n  w h ic h  s t e a d i l y  becomes
w e a k e r  a s  th e  r i n g s  come i n t o  p l a n e .
A f u l l  SCF-MO w i th  C l c a l c u l a t i o n  was a l s o  done on
t h e  t r i p l e t  s t a t e s  o f  1 - p h e n y ln a p h th a l e n e  i n  th e  same m o le c u la r
c o n f i g u r a t i o n s  t h a t  w ere  u sed  i n  th e  c a l c u l a t i o n  o f  t h e  s i n g l e t s .
I n  T a b le  XXXI th e  s i n g l e t  -  t r i p l e t  t r a n s i t i o n  e n e r g i e s  a r e
l i s t e d  f o r  t h e  f o u r  lo w e s t  e n e rg y  t r a n s i t i o n s .  I n  a l l  c o n f i g u r a t i o n s
3
t h e  lo w e s t  l y i n g  t r i p l e t  s t a t e  i s  p r e d i c t e d  t o  be t h e  s t a t e .
A l th o u g h  l i t t l e  i s  e x p e r i m e n t a l l y  known a b o u t  t h e  n a t u r e  o f
h i g h e r  t r i p l e t  s t a t e s  i n  a r o m a t i c  h y d ro c a rb o n s ,  t h i s  l e v e l i n g
o f  t r i p l e t  s t a t e s  i s  n o t  one t h a t  w ould  be  i n t u i t i v e l y  p r e d i c t e d
by th e  a u t h o r .  The P . P . P .  ty p e  o f  c a l c u l a t i o n  t y p i c a l l y  does
a  p o o r e r  jo b  on t r i p l e t  c a l c u l a t i o n s  th a n  i t  does  f o r  th e  s i n g l e t
m a n i f o ld .  However, i t  would be o u t  o f  l i n e  t o  s c o f f  a t  t h e
r e s u l t s  u n t i l  d e f i n i t i v e  e x p e r im e n ta l  e v id e n c e  i s  a v a i l a b l e
a b o u t  t h e  e n e r g e t i c  l e v e l s ,  v i b r a t i o n a l  p a t t e r n s  an d ,  i n  t h e
c a s e  o f  t r i p l e t - t r i p l e t  t r a n s i t i o n s ,  t o  t h e i r  e x t i n c t i o n
c o e f f i c i e n t s  i n  s i m i l a r  compounds. I n  t h e  55° m o le c u la r  c o n f i g u r a t i o n
TABLE XXXI
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1 - P h e n y ln a p h th a le n e  S i n g l e t - T r i p l e t  T r a n s i t i o n s
E n erg y
C o n f i g u r a t i o n  T r a n s i t i o n _________ ev_________ cm ^
VO 0 0 S0 X u 2 .117 1 7 ,0 8 0 5856
s0 I > > B 3 .1 1 0 2 5 ,0 8 0 3987
* s
0 - F3 N
3 .3 6 1 2 7 ,1 1 0 3689
s0 ■*r bN 3 .7 5 8 3 0 ,3 1 0 3299
55° s0 3l„ aN 2 .0 9 6 1 6 ,9 0 0 5915
s0 - X b 3 .0 7 4 2 4 ,8 0 0 4032
* s
0 F 3 N
3 .3 8 4 2 7 ,3 0 0 3664
s0 LbN 3 .7 2 8 3 0 ,0 7 0 3326
45° s0 —* ' LaN 2 .0 7 3 1 6 ,7 2 0 5982
s0 —+ A b 3 .037 2 4 ,4 5 0 4082
s0 ■—> 3 .4 1 9 2 7 ,5 7 0 3627
s0 Hn 3 .7 0 9 2 9 ,9 2 0 3342
0 ° s0 X h 1 .9 9 5 1 6 ,0 9 0 6016
s
0
s0
3m
3BaA b
2 .9 6 1
3 .5 0 0
2 3 ,8 9 0  
28 ,2 3 0
4186
3542
s
0 hx 3 ,6 6 5 2 9 ,5 6 0 3383
3*  The S0 -* Fjj t r a n s i t i o n  c o r r e s p o n d s  t o  a  t r a n s i t i o n  i n  th e  
s i n g l e t  m a n i f o ld  w h ich  i s  t o t a l l y  f o r b i d d e n  i n  th e  90°
c o n f i g u r a t i o n  and p a r t i a l l y  f o r b i d d e n  i n  th e  o t h e r  c o n f i g u r a t i o n s .  
A f t e r  th e  SCF c a l c u l a t i o n ,  t h i s  t r a n s i t i o n  was c h a r a c t e r i z e d  
a s  t a k i n g  p l a c e  b e tw ee n  i|ig and I n  t h e  s i n g l e t  m a n ifo ld
t h e  t r a n s i t i o n  o c c u r s  a t  a b o u t  5 0 ,0 0 0  cm"X
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t h e  f o l l o w i n g  t r i p l e t - t r i p l e t  t r a n s i t i o n s  a r e  p r e d i c t e d  to  o c c u r :
T1  -  T2 ’ -  \ b  a t  7 >8 9 3  c“ ' 1
T 1  ■ * T 3" ^L a N  "* a t  1 0 > 3 9 2  cm" 1
w h i l e  f o r  th e  0 °  c o n f i g u r a t i o n ,  t h e r e  would occu r
T1 -  T2> X n  -  \  a t  7 " 798 cm" 1
T1 -  T3> ^ . K  -  \ B a t  l 2 ’ 145  0,D' 1-
C. I n t r a m o l e c u l a r  Hydrogen I n t e r a c t i o n s  i n  th e  Ground and E x c i t e d  
S t a t e s
The SCF-MO-CI c a l c u l a t i o n s  t h a t  w ere a p p l i e d  to
1 - p h e n y ln a p h th a l e n e  have one d i s t i n c t  d i s a d v a n t a g e .  The 
c a l c u l a t i o n  c o m p le te ly  i g n o r e s  a l l  e n e r g e t i c  c o n t r i b u t i o n s  made 
by t h e  i n t e r a c t i o n  o f  h y d ro g e n  a tom s on th e  r i n g s .  T r a n s i t i o n  
e n e r g i e s  were p r e d i c t e d  on t h e  b a s i s  o f  p i-M O 's and ca rb o n  
s k e l e t a l  g e o m e t r i e s .  As t h e  a n g le  b e tw ee n  r i n g s  becom es s m a l l e r  
two p a i r s  o f  h y d ro g en s  t h e  9-16  and 2 -1 2 ,  b e g in  t o  i n t e r a c t  
s t r o n g l y .  I f  one i s  c o n ce rn ed  w i th  t h e  a c t u a l  m o l e c u l a r  g e o m e try ,  
and t h e  m o le c u la r  en e rg y  l e v e l s  a s  a  f u n c t i o n  o f  g e o m e try  some 
a c c o u n t  must be  t a k e n  o f  t h e s e  i n t e r a c t i o n s .  F or  t h i s  r e a s o n ,  
i n  a d d i t i o n  t o  t h e  SCF-MO c a l c u l a t i o n ,  th e  en e rg y  o f  i n t e r a c t i o n
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o f  t h e s e  hyd ro g en  p a i r s  was e v a l u a t e d .  F o r t u n a t e l y  t h i s  ty p e
r  u u 6 2 , 6 3 ,6 4 , 6 5 ,6 6 , 6 7 ,6 8o f  i n t e r a c t i o n  h a s  been  e x t e n s i v e l y  s t u d i e d .  » » » » » »
The Buckingham ( e x p - 6) ty p e  o f  p o t e n t i a l  h a s  lo n g  b e e n  r e c o g n iz e d
t o  be  s u i t a b l e  f o r  t h i s  ty p e  o f  i n t e r a c t i o n .  T h is  p o t e n t i a l
h a s  t h e  fo rm  g iv e n  by e q u a t i o n  2 3 a .  The c o n s t a n t s  a r e  e m p i r i c a l l y
U ( r )  = - a / r ^  + be c r  . . . . 2 3 a
e v a l u a t e d ,  u s u a l l y  by f i t t i n g  v i b r a t i o n a l  a b s o r p t i o n  b a n d s .
S e v e r a l  d i f f e r e n t  s e t s  o f  v a l u e s  have  b een  p ro p o sed  f o r  t h e s e  
c o n s t a n t s .  Two o f  t h e s e  s e t s  w ere  i n v e s t i g a t e d  f o r  t h i s  p ro b le m . 
The p o t e n t i a l  e x p r e s s i o n  used  b y  B a r t e l l  h a s  th e  f o l lo w in g  v a l u e s  
f o r  t h e  e m p i r i c a l  c o n s t a n t s :
a  = 3 .5 7 3  b = 1 0 .5 1  c = 2 .1 6
These  v a l u e s  w ere  o b ta in e d  by f i t t i n g  th e  two l i m i t i n g  c a s e s  o f  
lo n g  ra n g e  and s h o r t  ra n g e  i n t e r a c t i o n s .  The B a r t e l l  p o t e n t i a l  
i s  an  exam ple o f  w hat i s  r e f e r r e d  t o  a s  a s o f t  p o t e n t i a l .  T h a t  
i s ,  t h e  e x p o n e n t i a l  te rm  does  n o t  become dom inant u n t i l  th e
63K .S . P i t z e r  and E . C a t a la n o ,  J .  Am. Chem. S o c . .
78 ,  4844 (1 9 5 6 ) .
64
L .S .  B a r t e l l  and R.A. Bonham, J .  Chem. P h v s . . 32,
824 ( 1 9 6 0 ) .
^■\j. d eB o e r ,  P h v s ic a .  9 . 363 (1 9 4 2 ) .
S. B a r t e l l ,  J .  Chem. P h v s . . 32 . 827 (1 9 6 0 ) .
^ A l e x  M u l le r ,  E ro c .  Roy. S o c . . A154. 624 (1 9 3 6 ) .  
^^A lex  M u l le r ,  P r o c .  Rov. S o c . . A178. 227 ( 1 9 4 1 ) .
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I n t e r a c t i n g  s p e c i e s  a r e  r e l a t i v e l y  c l o s e  t o g e t h e r .  An exam ple 
o f  a h a r d e r  p o t e n t i a l  i s  t h e  M u l le r  p o t e n t i a l .  I n  t h i s  p o t e n t i a l  
t h e  c o n s t a n t s  have v a l u e s  g iv e n  by :
a = 4 .4 9 6  b = 1 0 0 .9  c  = 2 .645
I n  b o th  c a s e s  th e  c o n s t a n t s  a r e  e v a l u a t e d  f o r  u se  i n  e q u a t i o n  22,
i n  w hich  r  i s  g iv e n  i n  a to m ic  u n i t s .  I n  t h i s  p o t e n t i a l  t h e
e x p o n e n t i a l  te rm  becom es d o m in an t a t  s l i g h t l y  l o n g e r  d i s t a n c e s
and th e  i n t e r a c t i o n  p o t e n t i a l  r i s e s  more s h a r p ly  i n  th e  c a s e
o f  th e  c l o s e  i n t e r a c t i o n s .  I t  would be h a rd  to  p i c k  th e  b e s t
p o t e n t i a l  f o r  a p p l i c a t i o n  t o  t h i s  p ro b lem  i n t u i t i v e l y ,  a l t h o u g h
2
i t  cou ld  be  re a s o n e d  t h a t  due t o  sp b o n d in g ,  th e  p h en y l and
n a p h th y l  h y d ro g e n s  a r e  h e ld  r a t h e r  r i g i d l y  and a r e  l e s s  l i k e l y
t o  change bond a n g l e s  o r  bond d i s t a n c e s  t h a n  t h e y  would be  i f
3t h e y  w ere t i e d  up i n  sp  b o n d in g .  T h i s  ty p e  o f  r e a s o n in g  would 
l e a d  one t o  f a v o r  t h e  h a r d e r  p o t e n t i a l .  The f a c t  i s ,  no m a t t e r  
w hat t h e  r e a s o n i n g ,  t h a t  th e  M ti l le r  p o t e n t i a l  f i t s  th e  e x p e r im e n ta l  
d a t a  s l i g h t l y  b e t t e r  th a n  d o e s  t h e  B a r t e l l  p o t e n t i a l .  T h i s  was 
c o n s id e r e d  t o  be s u f f i c i e n t  r e a s o n  f o r  t h e  a d o p t io n  o f  t h e  
M u l le r  p o t e n t i a l .  I t  i s  g iv e n  i n  i t s  com ple te  fo rm  i n  e q u a t i o n  23b
U (r)  = - 4 . 4 9 6 / r 6 + 100 .9  e " 2*645r . . . . 2 3 b
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The v a r i a b l e  r  i s  t h e  h y d ro g e n -h y d ro g e n  d i s t a n c e  i n  a to m ic
u n i t s *  P o t e n t i a l  e n e r g y  d ia g ra m s  w ere  c o n s t r u c t e d  f o r  th e
1 1g ro u n d  s t a t e ,  and  th e  and e x c i t e d  s t a t e s  and a r e
shown i n  F ig u r e  30 . T hese  d ia g ra m s  w ere  c o n s t r u c t e d  by t h e
a d d i t i o n  o f  t h r e e  t e r m s .  The f i r s t  two o f  t h e s e  a r e  t h e  U ( r )
c o n t r i b u t i o n s  c a l c u l a t e d  f ro m  e q u a t i o n  22 f o r  t h e  9 -1 6  and
2 -1 2  hydrogen r e p u ls io n s . The th ird  i s  th e  TT-molecular energy
c a l c u l a t e d  by  t h e  SCF-MO p r o c e d u r e .  I n  t h e  c a s e  o f  t h e  ground
s t a t e  t h e  e n e r g y  i s  s im p ly  t h e  sunj o f  th e  one e l e c t r o n  ^
e n e r g y  e i g e n v a l u e s  f o r  t h e  f i l l e d  M O 's, a t  a  g iv e n  0 , t a k i n g
i n t o  a c c o u n t  t h a t  i t  i s  a  s i x t e e n  e l e c t r o n  p ro b le m .  I n  t h e
c a s e  o f  th e  e x c i t e d  s t a t e s  t h e  t r a n s i t i o n  e n e r g i e s  from  t h e  C l
c a l c u l a t i o n  a r e  added t o  t h e  0-d e p e n d e n t  g round  s t a t e  e n e r g i e s .
I n  t h e  g round  s t a t e  1 - p h e n y ln a p h th a l e n e  i s  p r e d i c t e d  t o  have a
minimum e n e rg y  a t  0 = 5 2 .1  ±  0 . 3 ° ,  w h i l e  t h e  minimum o c c u r s
a t  5 1 .2  ±  0 . 3 °  and  th e  „  minimum o c c u r s  a t  4 8 .8  ±  0 . 2 ° .  TheaN
and th e  p o t e n t i a l s  c r o s s  a t  45°  b e c a u se  t h e  t r a n s i t i o n s
a r e  p r e d i c t e d  i n  th e  C l c a l c u l a t i o n  t o  be  i s o e n e r g e t i c  a t  t h a t
a n g l e .  The g ro u n d  s t a t e  p o t e n t i a l  w e l l  i s  s h a l l o w e r  th a n  th e
X 1 oLKm and L M w e l l s .  The b a r r i e r  t o  r o t a t i o n  p a s t  9 0°  f o r  th e
g ro u n d  s t a t e  i s  p r e d i c t e d  t o  be 0 .1 5 8 e v  ( 3 .6 4  k c a l / m o l e ) ,  w h i le
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f o r  th e  I^*bN s t a t e  i t  i s  0 .197ev  ( 4 . 5 4  k c a l . / m o l e ) ,  and f o r  t h e  
s t a t e  i t  i s  0 .3 8 3 e v  ( 8 .8 3  k c a l . / m o l e ) .  The n a tu r e  o f  th e
„  and „  p o t e n t i a l  c u rv e s  n e a r  t h e  m o le c u la r  e q u i l i b r i u m  bN aN
p o s i t i o n  i s  an i n t r i g u i n g  one . A c c o rd in g  t o  t h e  p r e d i c t i o n  
th e  e q u i l i b r i u m  ’*’1^  s t a t e  should  b e  th e  lo w e s t  e n e rg y  e x c i t e d  
s t a t e .  However, t h i s  e q u i l i b r i u m  s t a t e  i s  o n l y  0 .033ev  
(0 .7 6  k c a l . / m o l e )  lo w er  i n  en e rg y  t h a n  th e  e q u i l i b r i u m  
s t a t e  and th e  e n e rg y  d i f f e r e n c e  f o r  c r o s s o v e r  be tw een  s t a t e s  
i s  p r e d i c t e d  t o  be o n ly  0 .063ev  ( 1 . 4 5  k c a l . / m o l e ) .
Two e x p e r i m e n t a l l y  i n t e r e s t i n g  p o s s i b i l i t i e s  a r i s e  
from  t h i s  c a l c u l a t i o n .  I n  1 -p h e n y ln a p h th a le n e  th e  e x c i t e d  
s t a t e  p o t e n t i a l  w e l l s  a r e  sy m m e tr ic a l  abou t 9 0 ° .  I f  th e  p h e n y l  
r i n g  w ere  s u b s t i t u t e d  i n  t h e  tw e lv e  o r  th e  s i x t e e n  p o s i t i o n ,  
th e  p o t e n t i a l  w e l l  would no lo n g e r  be  s y m m e tr ic a l .  See 
F ig u r e  31a . I f  t h i s  s u b s t i t u e n t  i n t e r a c t e d  s t r o n g l y  enough 
w i th  t h e  n a p h th a le n e  r i n g ,  no t  o n ly  would t h e  e x c i t e d  s t a t e  
p o t e n t i a l  w e l l s  be a t  d i f f e r e n t  e n e r g e t i c  p o s i t i o n s  on e i t h e r  
s i d e  o f  9 0 ° ,  b u t  th e  lo w e s t  e n e rg y  e x c i t e d  s t a t e  m igh t be 
when th e  s u b s t i t u e n t  was i n t e r a c t i n g  s h o r t  a x i s  w i th  n a p h th a le n e  
and jj when th e  s u b s t i t u e n t  was i n t e r a c t i n g  lo n g  a x i s  w i th  
n a p h t h a l e n e .  The r e q u i r e m e n t s  f o r  t h e  s u b s t i t u e n t  would be 
t h a t  i t  be s m a l l ,  t o  k eep  0 a s  s m a l l  as  p o s s i b l e ,  and t h a t  i t
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be a s  e l e c t r o n e g a t i v e  a s  p o s s i b l e .  U nder  t h e s e  c o n d i t i o n s ,  w i th  
th e  p o t e n t i a l  b a r r i e r  a t  90° g r e a t e r  t h a n  o r  on t h e  o r d e r  o f  
3% k c a l . / m o l e  i t  s h o u ld  be e x p e r i m e n t a l l y  p o s s i b l e  t o  o b s e r v e  
to  m o l e c u l a r  f l u o r e s c e n c e s  f ro m  th e  m o l e c u le .  P r o b a b ly  t h e  b e s t  
compounds from  w h ic h  to  o b s e r v e  t h i s  phenomena w ou ld  be 
2 ' - f l u o r o  o r  2 ' - c h l o r o - l - p h e n y l n a p h t h a l e n e .  I t  i s  p r o b a b le  
t h a t  l i q u i d  h e l iu m  t e m p e r a t u r e s  would b e  r e q u i r e d  f o r  t h e  
e x p e r i m e n t a l  work i n  o r d e r  t o  o b t a i n  s u f f i c i e n t  r e s o l u t i o n  t o  
r e s o l v e  t h e  e m i s s i o n s .  E v id e n c e  h a s  b e e n  r e c e n t l y  g iv e n
s u b s t a n t i a t i n g  h y d r o g e n - h a lo g e n  i n t e r a c t i o n s  i n  v e r y  s i m i l a r
* 69com pounds.
A n o th e r  p o s s i b i l i t y  f o r  o b s e r v i n g  two d i s t i n c t  
m o l e c u l a r  f l u o r e s c e n c e s  i n  s i t u a t i o n s  s i m i l a r  t o  t h i s  one 
e x i s t s .  I f  th e  p o t e n t i a l  w e l l s  w ere  s h i f t e d  i n  t h e  m anner 
shown i n  F ig u r e  31b and i f  t h e r e  s h o u ld  e x i s t  a  l a r g e  enough  
e n e rg y  d i f f e r e n c e  f o r  c r o s s o v e r  b e tw e e n  th e  two lo w e s t  l y i n g  
e x c i t e d  s t a t e  due t o  a s i g n i f i c a n t  g e o m e t r i c a l  d i f f e r e n c e  be tw een  
th e  two e q u i l i b r i u m  e x c i t e d  s t a t e s  and  i f  th e  e n e r g y  d i f f e r e n c e  
w ere l a r g e  enough so  t h a t  a quantum  c o u ld  be t r a p p e d  i n  e i t h e r  
s t a t e  t h e r e  sh o u ld  be  a d i s t i n c t  p o s s i b i l i t y  t o  o b s e rv e  two
^ H . E .  H o llow ay , l o c .  c i t .
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m o l e c u l a r  f l u o r e s c e n c e s  s i m u l t a n e o u s l y .  Somewhat s i m i l a r ,
th o u g h  e x t e r n a l l y  p ro d u c e d ,  ex am p les  o f  t h i s  phenomena
have  b e e n  r e c e n t l y  r e p o r t e d . j n  r e f e r e n c e  71 t h e  e x c i t e d
s t a t e s  in v o lv e d  w ere  t r i p l e t  s t a t e s  and th e y  w ere  s h i f t e d  w i t h
r e s p e c t  t o  e a c h  o t h e r  by  s o l v e n t  i n t e r a c t i o n s ,  b u t  t h e  p r i n c i p l e
in v o l v e d  i s  t h e  one t h a t  m ust be em ployed  w i t h  t h e  1 - p h e n y l -
n a p h t h a l e n e  e x c i t e d  s i n g l e t  s t a t e s .  C o n te m p la t io n  o f  F i g u r e  31
shows t h a t  w h a t  i s  r e q u i r e d  i s  t o  hav e  a l a r g e  e n e rg y  d i f f e r e n c e
1 1f o r  c r o s s o v e r  b e tw e e n  th e  and t h e  L „  s t a t e s  and t o  s h i f tbN aN
one o r  th e  o t h e r  o f  t h e s e  s t a t e s  o r  b o th  so t h a t  th e y  a r e  n o t  
e n e r g e t i c a l l y  d e g e n e r a t e  w i t h  e a c h  o t h e r  a t  t h e  same r i n g  
a n g l e  a t  w h ich  t h e i r  e n e r g e t i c  m inim a o c c u r .  The b e s t  chanpe 
f o r  o b s e r v in g  t h i s  e f f e c t  would  l i k e l y  be r e a l i z e d  by  u s in g  
e i t h e r  f l u o r i n e  o r  c h l o r i n e  a s  s u b s t i t u e n t s  i n  e i t h e r  th e
2 - p o s i t i o n  o r  t h e  9 - p o s i t i o n  on t h e  n a p h t h a l e n e  r i n g .  (S ee  
F i g u r e  2 8 ) .  A g a in ,  b e c a u s e  o f  t h e  low p o t e n t i a l  b a r r i e r  b e tw ee n  
t h e  e x c i t e d  s t a t e s  one w ould  p r o b a b l y  have  t o  work a t  l i q u i d  
h e l iu m  t e m p e r a t u r e  i n  o r d e r  t o  o b s e r v e  th e  d e s i r e d  e f f e c t .
D. 1 - P h e n y ln a p h t h a l e n e .  C om parison  o f  T h eo ry  and E x p e r im e n t  
I n  o r d e r  f o r  c a l c u l a t i o n s  o f  t h i s  ty p e  t o  have
^ N o b o r u  M a tag a ,  and  Y o sh ik azu  T o r i h a s h i ,  and 
K iy o s h i  Eyumi, T h e o r e t .  Chim. A c t a . 2> (27) 158 ( 1 9 6 4 ) .
^ N . C .  Yang and  S te v e n  Murov, Chem. P h y s . .  45,
4358  (1 9 6 6 ) .
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m eaning t h e  t h e o r e t i c a l  m ode ls  must be  a p p l i e d  t o  e x p e r i m e n t a l  
m o le c u le s .  T h e re  a r e  two e x p e r i m e n t a l  m o d e ls  w i t h  w h ic h  th e  
1 - p h e n y ln a p h th a l e n e  c a l c u l a t i o n  can  be c o r r e l a t e d .  The f i r s t  
o f  t h e s e  i s ,  o f  c o u r s e ,  th e  1 - p h e n y ln a p h th a l e n e  m o le c u le ,
F ig u r e  2 . The o t h e r  s e t  o f  e x p e r i m e n t a l  m odels  i s  3 ,4 - b e n z -  
f l u o r e n e ,  F ig u r e  8 , and b e n z a n th r e n e ,  F ig u r e  12, i n  w h ic h  th e  
p h e n y l  r i n g  i s  f u s e d  t o  th e  n a p h th y l  r i n g  i n  t h e  1- p o s i t i o n .
1 - P h e n y ln a p h th a le n e  seems t o  f i t  th e  55° SCF-M0-C1 
model b e t t e r  t h a n  t h e  45° m o d e l.  I n  T a b le  XXXII t h e  e x p e r im e n ta l  
and t h e o r e t i c a l  v a l u e s  f o r  s i n g l e t  t r a n s i t i o n  e n e r g i e s  a r e
com pared. The f i r s t  t e m p t a t i o n  i s  t o  t r y  t o  make a n  e x p e r im e n ta l
1 1  1 1  f i t t i n g  f o r  th e  A -* and th e  A -* t r a n s i t i o n s  w i t h  th e
1 -p h e n y ln a p h th a l e n e  a b s o r p t i o n  s p e c t ru m .  The a b s o r p t i o n  sp e c tru m
m a in t a i n s  a r a t h e r  h ig h  e x t i n c t i o n  c o e f f i c i e n t  th r o u g h o u t  th e
u l t r a v i o l e t  r e g i o n ,  and i s  composed o f  b ro a d  b a n d s .  No d e f i n i t i v e
c a s e  can  be made e i t h e r  f o r  t h e  e x p e r i m e n t a l  e x i s t e n c e  o f  th e s e
t r a n s i t i o n s  o r  f o r  t h e i r  a b s e n c e  i n  t h e  sp e c tru m .  However, t h e  
1 1 1 1A -* M and t h e  A -* t r a n s i t i o n s  c o u ld  e a s i l y  be p o s t u l a t e d
1 1t o  l i e  on e i t h e r  s i d e  o f  t h e  A -» t r a n s i t i o n  i n  s p e c t r a
o b ta in e d  from  h y d ro c a rb o n  s o l u t i o n s  a t  a m b ie n t  t e m p e r a t u r e s .
What i s  more d e f i n i t i v e  i s  th e  c o r r e l a t i o n  o f  t e m p e r a tu r e  e f f e c t s
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TABLE XXXII
C om parison  o f  E x p e r im e n ta l  and  T h e o r e t i c a l
1 - P h e n y ln a p h th a le n e  T r a n s i t i o n  E n e r g ie s
T r a n s i t i o n  E nergy  cm ^ T h e o ry  Exp.
T h e o r e t i c a l  E x p e r im e n ta l  O sc. S t r e n g t h  e
LaN
34 ,720
35 ,340a 
3 4 , 660b
0 .4 7 1
1 . 8x l 0 3
\ n
34 ,0 9 0
3 0 , 300a 
31 ,3 3 0 b 
32 ,0 5 0 °  
31 ,000d
0 . 0 0 0
a 4 3 ,4 7 0 0 .2 2 8
BbN
4 6 ,3 9 0
4 6 ,7 3 0 a
4 4 ,6 4 0 °
1 .3 6 0
5 .5 x 1 0 4
4 7 ,1 4 3 0 .4 2 8
\ n 53 ,150 0 .4 5 1
a = V apor ph ase  a b s o r p t i o n  s p e c tru m . See F ig u r e  2 . 
b = A b s o r p t io n  sp e c tru m  a t  77°K i n  EPA. See F i g u r e  3. 
c = Room T em p era tu re  a b s o r p t i o n  s p e c tru m  i n  mixed h y d ro ca rb o n  
s o l v e n t .  See F ig u r e  2 . 
d = 0 -0  band  i n  77°K f l u o r e s c e n c e  s p e c t ru m  from  h y d ro c a rb o n  
s o l v e n t .  See F ig u r e  4 .
on e x p e r i m e n t a l  s p e c t r a  w i t h  t h o s e  p r e d i c t e d  f ro m  th e  p o t e n t i a l  
w e l l  d ia g ra m s .  B ecause  o f  th e  s h a l lo w  n a t u r e  o f  th e  g ro u n d  
s t a t e  p o t e n t i a l  w e l l  s i g n i f i c a n t  p o p u l a t i o n s  o f  m o le c u le s  
d i s t r i b u t e d  o v e r  a  w id e  ra n g e  o f  a n g l e s  a r e  e x p e c te d  a t  m o d e ra te  
t e m p e r a t u r e s .  A t room te m p e r a t u r e  kT i s  l a r g e  enough  s o  t h a t  
s i g n i f i c a n t  m o l e c u la r  p o p u l a t i o n s  w i l l  o c c u r  a t  a n g l e s  b e tw e e n  
4 9 °  and 56° i n  t h e  e l e c t r o n i c  g ro u n d  s t a t e .  See F ig u r e  3 0 .
T h i s  i s  e q u i v a l e n t  t o  s a y in g  t h a t  e a c h  o b s e rv e d  e l e c t r o n i c  
t r a n s i t i o n  w i l l  o r i g i n a t e  from  many s l i g h t l y  d i f f e r e n t  m o l e c u l e s .  
T h ese  c o n c l u s i o n s  a r e  c o n s i s t e n t  w i t h  t h e  d i f f u s e  n a t u r e  o f  t h e  
room t e m p e r a t u r e  a b s o r p t i o n  s p e c t r a .  As t h e  t e m p e r a t u r e  i s  
lo w e re d  o n ly  m o l e c u l a r  c o n f i g u r a t i o n s  n e a r e r  and  n e a r e r  t h e  
p o s i t i o n  o f  e q u i l i b r i u m  o f  th e  p o t e n t i a l  minimum a r e  a l l o w e d .
I t  i s  n o t  s u p r i s i n g  t h a t  a t  77°K t h e  a b s o r p t i o n  s p e c t ru m  shows 
c o n s i d e r a b l e  s t r u c t u r e .  The same a rg u m e n ts  a p p l y  t o  t h e  e x c i t e d  
s t a t e  p o t e n t i a l  w e l l  d i s t r i b u t i o n s ,  so  th e  same t r e n d s  a r e  
e x p e c te d  f o r  t r a n s i t i o n s  i n  th e  r e v e r s e  d i r e c t i o n .  A t 77°K 
th e  f l u o r e s c e n c e  i s  so s t r u c t u r e d  t h a t  i t  b e a r s  l i t t l e  r e s e m b le n c e  
t o  t h e  f l u o r e s c e n c e  m easu red  a t  room t e m p e r a t u r e  w h ich  c o n t a i n s  
no  f i n e  v i b r a t i o n a l  s t r u c t u r e .  The f a c t  t h a t  t h e  minimum i n
X
t h e  p o t e n t i a l  w e l l  o c c u r s  a t  a l m o s t  t h e  same a n g l e  a s  t h a t
160
o f  t h e  g ro u n d  s t a t e  i s  c o n s i s t e n t  w i t h  t h e  s m a l l  s h i f t  be tw een  
f l u o r e s c e n c e  and a b s o r p t i o n  0 - 0  b a n d s .
The f i t  b e tw ee n  e x p e r im e n t  and  t h e o r y  i n  th e  c a s e  
o f  th e  t r i p l e t  s t a t e s  i s  somewhat d i s a p p o i n t i n g .  I f  t h e  55° 
m o le c u la r  c o n f i g u r a t i o n  i s  c h o s e n  t o  be t h e  model f o r  t h e  
t r i p l e t  s t a t e ,  i t  i s  n o te d  i n  T a b le  XXXI t h a t  th e  Sq -* T^ „ 
t r a n s i t i o n  i s  p r e d i c t e d  t o  o c c u r  a t  1 6 ,9 0 0  cm ^ (5915& )• 
E x p e r i m e n t a l l y  t h e  Sq «- T^ p h o s p h o r e s c e n c e  i s  o b s e r v e d  a t  a b o u t  
2 0 ,4 5 0  cm ^ (4 890X ).  See F i g u r e  4 .  T h i s  i s  a  d i s c r e p a n c y  o f  
3 ,5 5 0  cm V i b r a t i o n a l l y  t h e  p h o s p h o re s c e n c e  i s  t y p i c a l  o f
3
t h a t  o c c u r i n g  f ro m  an  L s t a t e ,  w h ich  i s  i n  a g re e m e n t  w i thdN
t h e o r y .  The l a c k  o f  f i n e  s t r u c t u r e  i n  t h e  p h o s p h o re s c e n c e  i s
i n d i c a t i v e  o f  a  v e r y  s h a l lo w  p o t e n t i a l  w e l l  f o r  t h e  f i r s t
e x c i t e d  t r i p l e t  s t a t e .  I t  a p p e a r s  t h a t  e v e n  a t  77°K s i g n i f i c a n t
3
p o p u l a t i o n s  o f  a  b ro a d  ra n g e  o f  a n g l e s  i s  a l lo w e d  i n  t h e  LgN 
s t a t e .
E . A ss ig n m e n t  o f  T r a n s i t i o n s  i n  3 . 4 - B e n z f lu o r e n e  and  B e n z a n th re n e  
C om parison  o f  t h e  0 °  c a l c u l a t i o n  can b e  made w i t h  
e x p e r i m e n t a l  m e asu re m en ts  made on  3 , 4 - b e n z f l u o r e n e  and b e n z a n th r e n e .  
The e l e c t r o n i c  s p e c t r a  o f  t h e s e  compounds w ere  c h a r a c t e r i z e d  
i n  t h e  e x p e r i m e n t a l  s e c t i o n .  B e fo re  c o m p a r is o n s  c a n  b e  made w i t h
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c a l c u l a t i o n s  i t  m ust be  r e c a l l e d  t h a t  a s i g n i f i c a n t  b u t  q u a n t i t a t i v e l y  
u n d e te rm in e d  i n t e r a c t i o n  be tw een  r i n g  s y s te m s  t a k e s  p l a c e  t h r o u g h  
t h e  m e th y le n e  b r i d g e .  The c a l c u l a t i o n  c o m p le te ly  i g n o r e s  t h i s  
i n t e r a c t i o n .  The t h e o r e t i c a l  v a l u e s  have  p r e v i o u s l y  b e e n  t a b u l a t e d  
i n  T a b le  XXVIII and i n  F ig u r e  2 9 .  The a b s o r p t i o n  s p e c t r a  o f  
3 , 4 - b e n z f l u o r e n e  and b e n z a n th r e n e  a r e  so f i n e l y  s t r u c t u r e d  and  
so r i c h  i n  t r a n s i t i o n s  t h a t  w h i l e  t h e  a u t h o r  h a s  c o n f id e n c e  t h a t  
t h e  a s s ig n m e n ts  w h ic h  a r e  t o  be  made on t h e  b a s i s  o f  t h e  t h e o r y  
a r e  t h e  m o s t  p r o b a b le  o n e s ,  b u t  i n  some c a s e s  t h e y  a r e  n o t  t h e  
o n ly  o n e s  p o s s i b l e .
3 , 4 - B e n z f lu o re n e  w i l l  be  c o n s id e r e d  f i r s t .  See
F i g u r e  8 .  The lo w e s t  e n e rg y  t r a n s i t i o n  a t  2 9 ,7 3 5  cm ^ (3363&)
1 1  -1i s  t h e  A -* t r a n s i t i o n  and l i e s  a t  2 ,6 0 0  cm lo w e r  e n e r g y
th a n  t h a t  t h e o r e t i c a l l y  p r e d i c t e d .  D e t a i l e d  c o n s i d e r a t i o n  o f
th e  low t e m p e r a t u r e  a b s o r p t i o n  s p e c t ru m  i n d i c a t e s  t h a t  t h e
1 1  -1  A -> t r a n s i t i o n  p r o b a b ly  o c c u r s  a t  a b o u t  3 2 ,2 0 0  cm
(3106& ). I t  i s  a t  t h i s  p o i n t  t h a t  s e r i o u s  d i s t u r b a n c e  i n  t h e  
1 1A -> L v i b r a t i o n a l  p a t t e r n  b e g i n s .  A weak t r a n s i t i o n  b e g i n s  
a t  3 7 ,2 6 0  cm ^ (2684& ). T h ree  v i b r a t i o n a l  b a n d s  o f  t h i s  t r a n s i t i o n  
a r e  d i s c e r n i b l e  i n  t h e  a b s o r p t i o n  s p e c t ru m  and t h e  0 -* 1 v i b r a t i o n a l
C
mode i s  f a v o r e d .  T h is  t r a n s i t i o n  i s  p r e d i c t e d  t o  be  t o t a l l y
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f o r b i d d e n  and from  th e  SCF-MO c a l c u l a t i o n  i s  a s s i g n e d  t o  t h e  
12Yg t r a n s i t i o n .  I t  i s  f e l t  t h a t  i t s  e x p e r i m e n t a l l y  a l lo w e d  
c h a r a c t e r  ( e  ~  6 , 0 0 0 ) a r i s e s  b e c a u s e  o f  i t s  p r o x i m i t y  t o  two 
h i g h l y  a l lo w e d  t r a n s i t i o n s .  E n e r g e t i c a l l y  t h e  n e x t  t r a n s i t i o n
e x h i b i t s  a 0 - 0  band a t  3 9 ,7 0 0  cm 1 (2519& ). T h i s  s h a rp  band
1 1  1 s e r i e s  i s  a s s i g n e d  t o  t h e  A -*■ M t r a n s i t i o n .  The M s t a t e
£1 cl
i s  p r e d i c t e d  t o  l i e  4 1 ,4 0 0  cm 1 above  th e  g round  s t a t e .  The 
1 1  1 1A -* B j^  and  th e  A -*■ t r a n s i t i o n s  re m a in  t o  be  a s s i g n e d .
The i n t e n s e  t r a n s i t i o n  a t  4 3 ,3 8 0  cm 1 (2305^ , e = 4 6 ,7 0 0 )  i s  
1 1a s s i g n e d  t o  t h e  A -» t r a n s i t i o n  w h i l e  t h e  t r a n s i t i o n  a t
b N
4 6 ,7 3 0  cm"1 (21405?) i s  a s s i g n e d  t o  t h e  1A -* 1M^ t r a n s i t i o n .
E x p e r i m e n t a l l y  t h e  t r a n s i t i o n  e n e r g i e s  g e n e r a l l y  a r e  t o  t h e
r e d  o f  t h e  t h e o r e t i c a l  p r e d i c t i o n s .  These s h i f t s  can  be
e a s i l y  j u s t i f i e d  b e c a u se  o f  th e  i n c r e a s e d  i n t e r a c t i o n  b e tw ee n
r i n g s  t h r o u g h  th e  m e th y le n e  b r i d g e .
The t r a n s i t i o n  a s s ig n m e n t s  a r e  n o t  a s  e a s i l y  made
i n  th e  c a s e  o f  b e n z a n t h r e n e .  See F i g u r e  12. The lo w e s t  e n e rg y
t r a n s i t i o n  a t  28 ,6 1 0  cm 1 ( 3 4 9 5 ^ ) ,  how ever,  c a n  e a s i l y  be 
1 1a s s ig n e d  t o  A -* The r e l a t i v e l y  l a r g e r  r e d  s h i f t  i s
l i k e l y  t h e  r e s u l t  o f  i n c r e a s e d  n a p h t h a l e n e  s h o r t - a x i s  i n t e r a c t i o n .  
A g ro u p  o f  low i n t e n s i t y  b a n d s  o c c u r  be tw een  3 3 ,7 6 0  (2960&) and
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3 5 ,1 0 0  cm ^ (2950& ). P a r t  o f  t h e s e  b a n d s . c e r t a i n l y  b e l o n g  to  
1 1t h e  A -* L^jj p r o g r e s s i o n  and some c o n t r i b u t i o n  may s t i l l  be
made f ro m  t h e  h i g h e r  l y i n g  v i b r a t i o n a l  s t a t e s .  The bands
12t h a t  w ere  a s s i g n e d  t o  t h e  ijig t r a n s i t i o n  i n  3 , 4 - b e n z f l u o r e n e
a r e  n o t  d i s c e r n i b l e .  T h re e  s h a r p  b an d s  a r e  v i s i b l e  b e g i n n in g
a t  3 8 ,9 1 0  cm 1 (2571& ). T hese  b a n d s  a r e  a s s i g n e d  t o  t h e
^A -» H i e l e c t r o n i c  t r a n s i t i o n .  S in c e  t h e  ^A -* ^B .„  t r a n s i t i o na  bN
i s  lo n g  a x i s  p o l a r i z e d  i t  i s  n o t  s u p r i s i n g  t h a t  t h e  n e x t  h i g h e s t
t r a n s i t i o n  i s  b lu e  s h i f t e d  o v e r  i t s  c o u n t e r p a r t  in  3 , 4 - b e n z -
f l u o r e n e ;  c o n s e q u e n t ly ,  t h e  t r a n s i t i o n  a t  4 1 ,9 0 0  cm ^ ( 2287^)
i s  a s s i g n e d  a s  t h e  ^A -» ^ B ^  t r a n s i t i o n .  T h e o r e t i c a l l y  th e
^A -» t r a n s i t i o n  i s  a l s o  s t r o n g l y  lo n g  a x i s  p o l a r i z e d .
A ss ig n m e n t  o f  th e  4 5 ,0 4 5  cm ^ (2230&) band t o  th e  ^A -»
t r a n s i t i o n  would r e q u i r e  t h a t  t h e  t r a n s i t i o n  red  s h i f t  w i th
r e s p e c t  t o  i t s  c o u n t e r p a r t  i n  3 , 4 - b e n z f l u o r e n e .  S in c e  t h i s
l a r g e  r e d  s h i f t  i s  i n c o n s i s t e n t  w i t h  t h e  e x p e r i m e n t a l  e v id e n c e ,
t h e  band a t  4 5 ,0 4 5  cm ^ w i l l  be c o n s id e r e d  t o  be a member of
1 1t h e  v i b r a t i o n a l  p r o g r e s s i o n  o f  t h e  A -*■ t r a n s i t i o n .  These
1 1a s s ig n m e n t s  f o r c e  t h e  c o n c l u s i o n  t h a t  t h e  A -+ t r a n s i t i o n  
l i e s  o u t  o f  t h e  e x p e r i m e n t a l l y  a c c e s s i b l e  u l t r a v i o l e t  r e g i o n .
The s i g n i f i c a n t  r o l e  t h a t  t h e  m e th y le n e  h y d ro g e n s  
p l a y  i n  t h e  t r i p l e t  s t a t e  f o r c e  t h e  p h o s p h o re s c e n c e s  o f  th e s e
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compounds t o  much low er e n e r g i e s .  See t h e  e x p e r i m e n t a l  s e c t i o n .  
C om parison o f  t h e  e x p e r im e n ta l  p h o s p h o re s c e n c e s  w i t h  th e  
t h e o r e t i c a l  p r e d i c t i o n s  made f o r  th e  t r i p l e t  s t a t e ,  a l th o u g h  
g r a t i f y i n g ,  i s  v e r y  l i k e l y  m i s l e a d i n g .  T h e r e f o r e  no a t t e m p t  
w i l l  be made t o  c o r r e l a t e  t h e  e x p e r im e n ta l  and t h e o r e t i c a l  
v a l u e s .
F .  A ssignm ent o f  T r a n s i t i o n s  i n  1 . 2 - B e n z f lu o r e n e .  2 . 3 -B e n z f lu o re n e  
and  th e  D ib e n z f lu o r e n e s
The a s s ig n m e n t  o f  th e  t r a n s i t i o n s  i n  1 , 2 -  and 2 , 3 -
b e n z f lu o r e n e  and th e  d ib e n z f lu o r e n e s  w ould  be t e n t a t i v e  a t
b e s t  i f  based  o n ly  on th e  c a l c u l a t i o n  f o r  p l a n a r  1 - p h e n y ln a p h th a l e n e .
72F o r t u n a t e l y  f u r t h e r  t h e o r e t i c a l  e v id e n c e  i s  a v a i l a b l e .  A 
c a l c u l a t i o n  h a s  b een  made on 2 - p h e n y ln a p h th a l e n e  t h a t  used  
p a r a m e te r s  i d e n t i c a l  w i t h  t h o s e  used  f o r  th e  p l a n a r  1 - p h e n y l ­
n a p h th a le n e  c a l c u l a t i o n .  I n  T ab le  XXXIII th e  a p p r o p r i a t e  v a l u e s  
f o r  t h e  s i n g l e t  p l a n a r  2 - p h e n y ln a p h th a l e n e  t r a n s i t i o n s  a r e  g iv e n .  
B r i e f l y  a few o b s e r v a t i o n s  w i l l  be m ade. A l l  e x p e r i m e n t a l l y  
i n t e r e s t i n g  l o n g - a x i s  p o l a r i z e d  t r a n s i t i o n s  i n  2 - p h e n y ln a p h th a l e n e  
have  s h i f t e d  c o n s i d e r a b l y  r e d  o f  t h e i r  c o u n t e r p a r t s  i n  1- p h e n y l ­
n a p h t h a l e n e .  The o s c i l l a t o r  s t r e n g t h s  f o r  t h e  a l lo w e d  l o n g - a x i s
72The a u th o r  w is h e s  t o  e x p r e s s  h i s  th a n k s  to  
P r o f e s s o r  Jam es W harton who made a v a i l a b l e  th e  t h e o r e t i c a l  d a t a  
i n c l u d e d  in  T a b le  XXXIII.
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p o l a r i z e d  t r a n s i t i o n s  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e i r
c o u n t e r p a r t s  i n  1 - p h e n y ln a p h th a l e n e .  The -» t h e
1 1and t h e  A -* M t r a n s i t i o n s  have s h i f t e d  t o  t h e  b lu e  o f  t h e i r  a
1 1c o u n t e r p a r t s  i n  1 - p h e n y ln a p h th a l e n e  a l t h o u g h  t h e  A -* M3
1 1and th e  A -* L „  t r a n s i t i o n s  have  r e t a i n e d  t h e i r  a l lo w e d  aN
c h a r a c t e r .
W i th  t h e s e  o b s e r v a t i o n s  i n  mind t h e  t r a n s i t i o n s  i n
2 , 3 - b e n z f l u o r e n e  w i l l  be a s s i g n e d .  See F ig u r e  15 . The l e a d
t r a n s i t i o n  w h ic h  b e g in s  a t  2 9 ,4 3 8  cm ^ (3397^) i s  a s s ig n e d  
1 1t o  t h e  A -♦ t r a n s i t i o n .  S e v e r a l  v i b r a t i o n a l  b an d s  b e lo n g in g
t o  t h i s  t r a n s i t i o n  a r e  v i s i b l e  and i t  h a s  a s u p r i s i n g l y  h i g h
e x t i n c t i o n  c o e f f i c i e n t ,  7000 l . / m .c m .  The m a g n itu d e  o f  t h e
e x t i n c t i o n  o f  t h i s  t r a n s i t i o n  m us t be a t t r i b u t e d  t o  s i g n i f i c a n t
l o n g - a x i s  i n t e r a c t i o n  o f  t h e  n a p h t h a l e n e  s u b m o le c u le  t h r o u g h
b o th  a f u s i n g  bond and a b r i d g i n g  bond w i t h  th e  p h e n y l  r i n g .
The o n s e t  o f  t h e  ^A -» „  t r a n s i t i o n  i s  a t  3 1 ,3 9 7  cm ^ (3185& ).aN ’
I n  t h e  am b ien t  t e m p e r a tu r e  a b s o r p t i o n  s p e c tru m  a t  l e a s t  t h r e e
members o f  t h e  v i b r a t i o n a l  p r o g r e s s i o n  a r e  v i s i b l e .  At 77°K,
many b an d s  a r e  r e s o lv e d  i n  t h i s  r e g i o n  and i t  i s  th o u g h t  t h a t
1 1t h e  v i b r a t i o n a l  p r o g r e s s i o n s  o f  b o th  t h e  A -» La ^  and t h e
1 1  1 1  A -» t r a n s i t i o n s  a r e  s u p e r im p o s e d .  The A -* t r a n s i t i o n
b e g i n s  a t  3 7 ,6 6 5  cm * (2655& )• U n l ik e  i t s  c o u n t e r p a r t  i n
3 , 4 - b e n z f l u o r e n e  t h e  -» ^ B ^  t r a n s i t i o n  i n  2 , 3 - b e n z f l u o r e n e  
i s  w e l l  r e s o l v e d  and  v e r y  i n t e n s e .  The e x t i n c t i o n  c o e f f i c i e n t  
o f  t h i s  t r a n s i t i o n  i n  2 , 3 - b e n z f l u o r e n e  i s  6 9 ,5 0 0  l . /m .c m .  i n  
c o m p a r iso n  w i t h  4 6 ,7 0 0  l . / m .c m .  i n  3 , 4 - b e n z f l u o r e n e .  The 
t r a n s i t i o n  a l s o  i s  a t  a b o u t  3 ,5 4 0  cm * lo w e r  e n e rg y  th a n  i t s
c o u n t e r p a r t  i n  3 , 4 - b e n z f l u o r e n e .  The r e m a in in g  t r a n s i t i o n
1 1 1 c e n t e r e d  a t  4 6 ,4 2 5  cm (2154&) i s  a s s i g n e d  t o  t h e  A -»
t r a n s i t i o n .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  2 - p h e n y l ­
n a p h th a le n e  c a l c u l a t i o n  t h i s  t r a n s i t i o n  i s  p r e d i c t e d  t o  o c c u r  
a t  lo w e r  e n e r g y  t h a n  t h e  ^A -* t r a n s i t i o n .  I t  i s  a l s o
i n t e r e s t i n g  t h a t  t h e  e n t i r e  u l t r a v i o l e t  s p e c t ru m  o f
2 , 3 - b e n z f l u o r e n e  h a s  b e e n  a s s i g n e d  w i t h o u t  in v o k in g  any  w hole  
m o le c u le  t r a n s i t i o n s .  T hese  t r a n s i t i o n s  t h e o r e t i c a l l y  o c c u r
a t  h i g h e r  e n e r g y  i n  2 - p h e n y ln a p h th a l e n e  th a n  i n  1 - p h e n y ln a p h th a l e n e ,
1 1  1 1  I t  i s  l i k e l y ,  ho w ev er ,  t h a t  t h e  A -* and t h e  A -*
t r a n s i t i o n s  ( b o t h  a l lo w e d )  c o n t r i b u t e  t o  t h e  e x t i n c t i o n  o f  t h e
b ro a d  band t h a t  was a s s i g n e d  a s  t h e  ^A -* ^ B ^ .
The s p e c t ru m  o f  1 , 2 - b e n z f l u o r e n e  i s  o n ly  s l i g h t l y
d i f f e r e n t  from  t h a t  o f  2 , 3 - b e n z f l u o r e n e .  See F ig u r e  1 7 .  The
l e a d  t r a n s i t i o n  b e g in n in g  a t  2 9 ,1 1 2  cm * (3435&) i s  a s s ig n e d
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t o  be  -* The d e c r e a s e  i n  e x t i n c t i o n  c o e f f i c i e n t  t o
1 , 1 0 0  l . / m .c m .  from  7 , 0 0 0  l . /m .c m .  f o r  t h a t  o f  2 , 3 - b e n z f l u o r e n e  
i s  a  r e s u l t  o f  t h e  l o s s  o f  t h e  l o n g - a x i s  b r i d g i n g  bond on  th e  
n a p h t h a l e n e  s u b m o le c u le .  The 0 -0  band o f  t h e  -* t r a n s i t i o n
o c c u r s  a t  3 1 ,3 9 7  cm ^ (3185& ). B ecause  o f  t h e  lo w er  i n t e n s i t y  
o f  t h e  *A -* t r a n s i t i o n  t h e  77°K a b s o r p t i o n  o f  t h e  ^A -*
t r a n s i t i o n  i s  u n c l u t t e r e d  by t h e  ^A -* v i b r a t i o n a l  p e a k s .
The ^A -» t r a n s i t i o n  b e g i n s  a t  37 ,9 5 1  cm ^ (2635^) w h ic h  i s
o n l y  a  s l i g h t l y  h i g h e r  e n e rg y  t h a n  i t s  c o u n t e r p a r t  i n  2 ,3 - b e n z -  
f l u o r e n e .  The ^A -+ ^ B ^  t r a n s i t i o n  i s  m i s s in g  from  t h e  s p e c tru m  
o f  2 , 3 - b e n z f l u o r e n e .  The a b s e n c e  o f  t h i s  t r a n s i t i o n  i s  a t t r i b u t e d  
t o  t h e  l o s s  o f  t h e  l o n g - a x i s  i n t e r a c t i o n  b e c a u s e  the  b r i d g i n g  
bond was moved from  t h e  2- n a p h t h y l  p o s i t i o n .
An a t t e m p t  w i l l  a l s o  be made t o  a s s i g n  t h e  t r a n s i t i o n s  
i n  1 , 2 , 7 , 8 - d i b e n z f l u o r e n e  and 3 , 4 , 5 , 6 - d i b e n z f l u o r e n e  s p e c t r a .  
S ubm olecu le  t r a n s i t i o n s  sh o u ld  r e t a i n  t h e i r  i d e n t i t y  i n  much th e  
same manner a s  t h a t  o b s e rv e d  i n  th e  ca se  o f  t h e  b e n z f l u o r e n e s .  I t  
i s  t h e  m o le c u la r  t r a n s i t i o n s  w h ich  a r e  e x p e c te d  to  e x h i b i t  th e  
g r e a t e s t  d e v i a t i o n  f ro m  th o s e  p r e d i c t e d  f o r  t h e  p h e n y l n a p h th a l e n e s .  
I t  i s  l i k e l y  t h a t  th e  m o le c u la r  t r a n s i t i o n s  w i l l  o c c u r  t o  th e  
r e d  o f  t h e  p r e d i c t e d  v a l u e s  and t h a t  t h e y  w i l l  have  h i g h e r  
i n t e n s i t i e s  t h a n  t h e i r  c o u n t e r p a r t s  i n  t h e  b e n z f l u o r e n e s .  A lso
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i t  i s  r e l e v a n t  to  n o te  t h a t  t h e r e  w i l l  be  tw o n a p h th a le n e
su b m o le cu le  t r a n s i t i o n s  f o r  e v e ry  one t h a t  o c c u r re d  i n  th e
b e n z f lu o r e n e s .  T h ere  i s  r e a s o n  t o  e x p e c t ,  p a r t i c u l a r l y  i n  th e
c a se  o f  1 , 2 , 7 , 8 - d ib e n z f lu o r e n e ,  t h a t  e x c i to n  i n t e r a c t i o n  w i l l
o c c u r  be tw een  h a lv e s  o f  th e  m o le c u le .  A lth o u g h  t h e r e  w ere
o b se rv e d  e x p e r im e n ta l ly  some s m a ll  s p l i t t i n g s  i n  t r a n s i t i o n s
w h ich  may be due t o  t h i s  e f f e c t  no e x te n d e d  d i s c u s s io n  w i l l
be d e v o te d  t o  th e  phenom enon. The 3 , 4 , 5 , 6 - d ib e n z f lu o r e n e  m o le c u le
w i l l  be c o n s id e re d  f i r s t .
I n  3 , 4 , 5 , 6 - d ib e n z f lu o r e n e  th e  lo w e s t  e n e rg y
t r a n s i t i o n  i s  th e  *A -♦ "^LaN w h ich  b e g in s  a t  2 7 ,3 6 0  cm * ( 36558) .
See F ig u re  6 .  A v e ry  w eak t r a n s i t i o n  o c c u r s  a t  3 6 ,0 5 0  cm ^
(2 7 7 4 ^ ) .  T h is  t r a n s i t i o n  i s  a s s ig n e d  to  a w ho le  m o le c u le
t r a n s i t i o n .  I t s  c o u n t e r p a r t  i n  1 -p h e n y ln a p h th a le n e  i s  th e  
12fo rb id d e n  i|tg t r a n s i t i o n .  I t s  i n t e n s i t y  i s  a t t r i b u t e d  to
i n t e n s i t y  b o rro w in g  fro m  th e  h ig h l y  a llo w e d  t r a n s i t i o n s  v e r y
n e a r  i t .  The t r a n s i t i o n  w i th  a  0 -0  band a t  3 8 ,2 1 2  cm ^ ( 2 6 I 7 8 )
w h ic h  e x h i b i t s  th r e e  s h a rp  v i b r a t i o n a l  p e a k s  i s  a s s ig n e d  t o  th e
^A -* H i m o le c u la r  t r a n s i t i o n .  The -» „  t r a n s i t i o n  i sa  bN
r e l a t i v e l y  w e a k e r th a n  m ig h t be  a p r i o r i  e x p e c te d  and i s  lo c a te d  
a t  4 0 ,7 0 0  cm ^ (2 4 5 7 8 ) . I t s  i n t e n s i t y  i s  i n  l i n e  w i th  p r e d i c t i o n s
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made i n  th e  1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n s .  The -* ^ B ^
1 1and th e  A -*■ t r a n s i t i o n s  a r e  p r e d i c t e d  t o  have co m p arab le
t r a n s i t i o n  m om ents. The t r a n s i t i o n  a t  4 6 ,4 7 0  cm ^ (2152&) i s  
1 1a s s ig n e d  to  th e  A -» t r a n s i t i o n .  T h e o r e t i c a l l y  t h i s  t r a n s i t i o n  
i s  p r e d i c t e d  t o  o c c u r  a t  4 6 ,4 3 0  cm ^ and i s  p r e d ic te d  t o  h av e  
a  t r a n s i t i o n  moment a b o u t 1 .5  t im e s  t h a t  o f  th e  ^A -* bN
t r a n s i t i o n .
The lo w e s t  e n e rg y  t r a n s i t i o n  i n  1 ,2 ,7 ,8 - d i b e n z -
f lu o r e n e  i s  a t  2 7 ,9 4 0  cm ^ (3579&) and i s  a s s ig n e d  a s  th e  
1 1A -* t r a n s i t i o n .  See F ig u re  21 . The 0 -0  band o f  th e
''"A -+ N t r a n s i t i o n  i s  a t  2 8 ,8 9 3  cm 1 (3 4 6 lX ) . T h is  band s e e n
i n  t h e  low te m p e ra tu r e  sp e c tru m  i s  o b se rv e d  a s  a  s h o u ld e r  a t
3457^ i n  th e  a m b ie n t te m p e ra tu re  sp e c tru m . The v i b r a t i o n a l
1 1p r o g r e s s io n  i n  t h e  A -+ L j j . t r a n s i t i o n  i s  n o t  n e a r l y  a s  w e l l
d e f in e d  a s  i t  i s  i n  th e  1 , 2 -b e n z f lu o re n e  sp e c tru m . See F ig u re
17 . I n  a d d i t i o n  th e  F ranck -C ondon  c o n to u r  o f  th e  ^A -* „aN
t r a n s i t i o n  b e a r s  l i t t l e  re s e m b le n c e  to  i t s  c o u n te r p a r t  i n
1 11 , 2 -b e n z f  lu o r e n e .  The 0 -0  band o f  th e  A -» t r a n s i t i o n  i s* bN
a t  3 6 ,9 8 2  cm ^ (2704&) and th e  t r a n s i t i o n  e x h i b i t s  f o u r  
v i b r a t i o n a l  m ax im al. I t s  h ig h  i n t e n s i t y  i s  a r e s u l t  o f  th e  
f u s in g  in  th e  2 -n a p h th y l p o s i t i o n s .  T h e o r e t i c a l l y  (fro m  th e
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1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n )  i t s  t r a n s i t i o n  moment i s  o v e r
tw ic e  t h a t  o f  th e  ''"A -» „  t r a n s i t i o n .  A t r a n s i t i o n  e x i s t saN
1 1a t  s l i g h t l y  lo w er e n e rg y  th a n  th e  A -» l t s  band i s
a t  3 4 ,5 3 0  cm ^ (2 8 9 6 X ), and  t h e  t r a n s i t i o n  e x h i b i t s  f o u r
v i b r a t i o n a l  m axim a. S in ce  no  t r a n s i t i o n  w as p r e d ic t e d  i n  t h i s
r e g io n  i n  th e  2-p h e n y ln a p h th a le n e  c a l c u l a t i o n  i t  m ust a r i s e
b e c a u se  o f  i n t e r a c t i o n  th ro u g h  th e  m e th y le n e  b r id g e  w h ich
j o i n s  t h e  n a p h th a le n e  s h o r t - a x i s  p o s i t i o n s .  T h is  t r a n s i t i o n  i s
1 1a s s ig n e d  to  th e  m o le c u la r  A -» M t r a n s i t i o n  a l th o u g h  i t  i s
cl
a l i t t l e  s u p r i s in g  t h a t  i t  e x h i b i t s  su c h  a  h ig h  i n t e n s i t y  i n
t h i s  m o le c u le .  One a d d i t i o n a l  t r a n s i t i o n  i s  v i s i b l e  i n  th e
a m b ien t te m p e ra tu re  a b s o r p t io n  sp e c tru m . I t  o c c u rs  a t  4 6 ,9 2 2  cm *
(2128& ). B ecause o f  i t s  i n t e n s i t y  and i t s  e n e r g e t i c  p o s i t i o n ,
th e  m o st l o g i c a l  a s s ig n m e n t ( f ro m  e i t h e r  th e  1 - p h e n y ln a p h th a le n e
o r  2 -p h e n y ln a p h th a le n e  c a l c u l a t i o n s )  i s  t h a t  t h i s  i s  th e  
1 1m o le c u la r  A -* t r a n s i t i o n .
A summary o f  t h e  SCF-MO-CI c a l c u l a t i o n  a t  a n g le s  
o th e r  th a n  9 0 ° , t h e  h y d ro g en  r e p u l s i o n  c a l c u l a t i o n ,  th e  co m p ariso n  
b e tw ee n  t h e o r e t i c a l  and e x p e r im e n ta l  m o d e ls  and th e  a s s ig n m e n t o f  
e x p e r im e n ta l  t r a n s i t i o n s  f o l l o w s ;
1 . I n  th e  1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n  a s  th e  
p h e n y l r i n g  was r o t a t e d  fro m  9 0 ° , o c c u p ie d  and u n o c c u p ie d  MO's
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w ere  o b se rv e d  t o  d e l o c a l i z e  o v e r  b o th  r i n g s ;
2 . The e x t e n t  o f  d e l o c a l i z a t i o n  w as d e f in e d  and 
c a l c u l a t e d  f o r  e a c h  im p o r ta n t  MO;
3 . .  I n  v ie w  o f  t h i s  c a l c u l a t i o n  th e  t h e o r e t i c a l  
t r a n s i t i o n s  w ere  c h a r a c t e r i z e d  and w ere  fo llo w e d  a s  a  f u n c t io n  
o f  r i n g  a n g l e .  I t  w as fo u n d  t h a t  t y p i c a l l y  b e n z e n e  t r a n s i t i o n s  
w ere  no lo n g e r  e x p e r im e n ta l ly  im p o r ta n t  w h i le  many n a p h th a le n e  
t r a n s i t i o n s  r e t a i n e d  t h e i r  i d e n t i t i e s .  A new s e t  o f  w ho le  
m o le c u le  t r a n s i t i o n s  w as p r e d i c t e d ;
4 .  The SCF-MO-CI c a l c u l a t i o n  f o r  t r i p l e t  s t a t e s  
w as c o n s id e r e d  and w as found  to  be i n  p o o re r  a g re e m e n t w ith  
e x p e r im e n t th a n  th e  s i n g l e t  c a l c u l a t i o n ;
5 . The f a i l u r e  o f  th e  SCF-MO-CI c a l c u l a t i o n  to  
r e c o g n iz e  h y d ro g e n -h y d ro g e n  i n t e r a c t i o n  c o n t r i b u t i o n s  t o  
m o le c u la r  e n e r g i e s  w as r e c o g n iz e d  and new s e t s  o f  g round  and 
e x c i t e d  s t a t e  p o t e n t i a l  w e l l s  a s  a f u n c t io n  o f  m o le c u la r  
g e o m e try  w ere  g e n e r a te d ;
6 . I n  v ie w  o f  th e s e  c a l c u l a t i o n s ,  th e  m o le c u la r  
s t a t e s  w ere  c o n s id e re d  to  be  a f u n c t i o n  o f  g eo m e try  and p r e v io u s ly  
u n o b se rv e d  phenom ena w ere  p r e d ic te d  t o  e x i s t  f o r ,  a s  y e t ,  
u n s y n th e s iz e d  m o le c u le s ;
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8 . C om parisons  w ere  made o f  th e  0 °  SCF-MO-CI, 
1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n  w i t h  b e n z a n th re n e  and w i th  
3 ,4 - b e n z f lu o r e n e .  The t h e o r e t i c a l  c a l c u l a t i o n s  made p o s s i b l e  
th e  a s s ig n m e n t o f  a l l  t r a n s i t i o n s  e x p e r im e n ta l ly  o b se rv e d  in  
th e s e  com pounds;
9 . By u s in g  a  0 °  SCF-MO-CI c a l c u l a t i o n  d o n e  by 
a n o th e r  a u th o r  on  th e  2 -p h e n y ln a p h th a le n e  m o le c u le  i n  c o n ju n c t io n  
w i th  th e  1 - p h e n y ln a p h th a le n e  c a l c u l a t i o n ,  a s s ig n m e n ts  o f  a l l  
e x p e r im e n ta l ly  o b s e rv e d  t r a n s i t i o n s  i n  2 , 3 - b e n z f lu o r e n e ,
1 . 2 - b e n z f lu o r e n e ,  1 , 2 , 7 , 8 - d ib e n z f lu o r e n e  and 2 , 3 , 4 , 5- d ib e n z f lu o r e n e  
w ere  m ade.
G. The 2 .3 -B e n z b ip h e n y le n e  C a l c u la t io n
A SCF-MO-CI c a l c u l a t i o n  was a l s o  c a r r i e d  o u t  on
2 .3 -b e n z b ip h e n y le n e .  The b e n z b ip h e n y le n e  m o le c u le  i s  d e p ic te d  
i n  F ig u r e  32 .
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FIGURE 3 2 . The 2 ,3 -B e n z b ip h e n y le n e  M o lecu le
A l l  bond le n g th s  i n  th e  six -m em bered  r i n g s  w ere  ta k e n  t o  be
1.40& . Bonds 10-11  and 1 -1 6  w ere assum ed to  be 1 .5 0 & ,in  l e n g th .
E x cep t f o r  P ^ g - l l  an d ^1-16* v a l u e s  i d e n t i c a l  to  th o s e  used
in  th e  c a se  o f  1 -p h e n y ln a p h th a le n e  w ere  em ployed . The v a lu e s
f o r  6 , , and (3, ,  - w ere  a  so u rc e  o f  some c o n c e rn . T hese1 0 -1 1  1 -1 6
v a lu e s  sh o u ld  be i n d i c a t i v e  o f  th e  ty p e  o f  b o n d in g  be tw een  th e
10-11 and th e  1 -1 6  c a rb o n s .  A t one ex trem e ( l e s s  n e g a t iv e  |3)
th e  sy s te m  can be c o n s id e re d  to  be a n a p h th a le n e  i n t e r a c t i n g
th ro u g h  two fu s in g ,  s in g le  bonds w i th  a  b e n z e n e , much a s  i n  th e
0 ° , 1 -p h e n y ln a p h th a le n e  c a l c u l a t i o n .  A t th e  o th e r  ex trem e
(more n e g a t iv e  (3) th e  m o le c u le  can be c o n s id e re d  to  be f u l l y
a l t e r n a t e  a n d - f u l l y  a ro m a t ic .  I n  th e  f i r s t  c a se  i t  i s  r e a s o n a b le
1 1to  e x p e c t  th e  lo w e s t  e n e rg y  t r a n s i t i o n  to  be A -* m
c h a r a c t e r  and r a t h e r  s e v e r e l y  re d  s h i f t e d  w i th  r e s p e c t  t o  t h a t
o f  n a p h th a le n e  b e c a u se  a l l  i n t e r a c t i o n  w i th  n a p h th a le n e  ip  i n
th e  lo n g  a x i s  d i r e c t i o n .  On th e  o th e r  h and , i f  th e  m o le c u le  i s
1 1f u l l y  a ro m a tic  th e  lo w e s t en e rg y  t r a n s i t i o n  sh o u ld  be A -* L ,Si
and th e  a b s o r p t io n  sp e c tru m  sh o u ld  b e  r e m in is c e n t  o f  a n th r a c e n e .  
F u r t h e r ,  i f  th e  m o le c u le  i s  f u l l y  a ro m a t ic  th e  four-m em bered  
r in g  w ould  be e s s e n t i a l l y  a  c y c lo b u ta d ie n e  r i n g .  T h is  r in g  
sy stem  i s  so  u n s t a b l e ,  how ever, t h a t  c h e m is ts  have b e e n  t r y i n g
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f o r  tw e n ty - f iv e  y e a r s  t o  p r e p a r e  i t .  The e x p e r im e n ta l  a b s o r p t io n
sp e c tru m  d o es  n o t  c l a r i f y  th e  s i t u a t i o n .  E x p e r im e n ta l ly  th e
1 1f i r s t  t r a n s i t i o n  i s  n o t  t y p i c a l l y  A -+ i n  c h a r a c t e r  and  th e  
w ho le  u l t r a v i o l e t  sp e c tru m  i s  n o t  c h a r a c t e r i s t i c  o f  a n  a n th ra c e n e  
m o le c u le .  F u r th e rm o re ,  th e  m o le c u le  i s  s t a b l e  i n  a i r  i n  th e  
l i q u i d  s t a t e  (T ~  500°K) and d o e s  n o t  v i s i b l y  decom pose p h o to ­
c h e m ic a l l y .
M o le c u le s  c o n ta in in g  fou r-m em bered  r i n g s  f u s in g  
o th e r  r i n g  sy s te m s  t o g e th e r  h ave  b e e n  t h e o r e t i c a l l y  c o n s id e re d  
p r e v i o u s l y . ^ 3 ,7 4 ,7 5 ,7 6 ,7 7  jjone o;g th e s e  c a l c u l a t i o n s  w ere  a s  
s o p h i s t i c a t e d  a s  th e  m o d if ie d  P .P .P .  c a l c u l a t i o n  and  none w ere 
a p p l i e d  to  2 ,3 -b e n z b ip h e n y le n e .  The c o n c lu s io n s  o f  th e s e  
c a l c u l a t i o n s  d id  n o t  s e rv e  to  c h a r a c t e r i z e  th e  p r o p e r t i e s  o f  
b e n z b ip h e n y le n e .
73J .D .  R o b e r ts ,  A. S t r e i t s i e s e r ,  J r .  and C.M. R egan, 
J .  Am. Chem. S o c . . 7 4 , 4579 (1 9 5 2 ) .
74R .D . Brown, T ra n s .  F a r a d .  S o c . . 4 6 . 146 (1 9 5 0 ) .  
75V .A . C raw fo rd , C an. J .  C hem .. 3 0 , 47 (1 9 5 2 ) .
7 6 M.A. A l i  and C.A . C o u lso n , T e t r a h e d r o n . 1 0 . 41
(1 9 6 0 ) .
7 7 M.A. S i lv a  and B. P u llm a n , Compt. r e n d . . 242 . 1888
( 1 9 5 6 ) .
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A v a lu e  f o r  8 , n , ,  = B, , c = - 2 .1 0  w as ch o sen .^ 1 0 -1 1  Kl - 1 6
The e l e c t r o n i c  t r a n s i t i o n s  p r e d ic te d  f o r  b e n z b ip h e n y le n e  w ere
much th e  same a s  th e  e x p e r im e n ta l ly  o b se rv ed  o n es  b u t  w ere
p r e d i c t e d  to  o c c u r  s i g n i f i c a n t l y  t o  th e  b lu e  o f  t h e i r  e x p e r im e n ta l
7 8c o u n t e r p a r t s .  The C ou lson  r e l a t i o n s h i p  shown i n  e q u a t io n  24
P = h BE/98 . . . . 2 4r s  Kr s
w as u se d  to  d e te rm in e  th e  v a lu e  o f  p n e c e s s a r y  t o  g iv e  an
e x p e r im e n ta l  f i t  w i th  w hat w as f e l t  t o  be th e  -» ^B, t r a n s i t i o n .b
The n e c e s s a r y  v a lu e  f o r  p w as - 2 .3 9 .  I t  i s  c e r t a i n l y  w o rth y  o f  
n o te  t h a t  t h i s  i s  e x a c t ly  th e  same v a lu e  t h a t  [3 t a k e s  be tw een  
a d j a c e n t  c a rb o n  atom s i n  th e  b enzene  and n a p h th a le n e  r i n g s .
T h is  v a lu e  may be s l i g h t l y  to o  n e g a t iv e .  I t  i s  r e a s o n a b le  t o  
e x p e c t  t h a t  i f  th e  i n t e r a c t i o n  be tw een  th e  r i n g s  i s  a s  l a r g e  
a s  p r e d ic te d  by th e  p v a l u e ,  t h a t  th e  bond le n g th  betw een  r in g s  
w i l l  be l e s s  th a n  1.50& . Sm all ch an g es i n  bond le n g th s  have  
o n ly  a  v e ry  s m a ll  e f f e c t  on th e  t r a n s i t i o n  e n e r g i e s  p r e d ic te d  
b y  th e  C l c a l c u l a t i o n .  T h e re fo re  ch an g in g  th e  f u s in g  bond 
l e n g th s  and a d j u s t i n g  p t o  o b ta in  a n  e x p e r im e n ta l  f i t  would 
have o n ly  a v e r y  sm a ll e f f e c t  on th e  f i n a l  v a lu e  f o r  p . The 
n e t  e f f e c t  on p w ould  be to  make i t  s l i g h t l y  l e s s  n e g a t iv e .
7 8C.A. C ou lson  and H .C . L o n g u e t t-H ig g in s ,  P ro c . 
Roy. S o c . . A191. 39 (1 9 4 7 ) .
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I n  T a b le  XXXVI th e  p r e d ic t e d  v a lu e s  f o r  bond o r d e r s  i n  th e  g ro u n d  
s t a t e  and t h r e e  im p o r ta n t  e x c i t e d  s t a t e s  a r e  g iv e n .  The 1 -1 6  
and  10 -11  bond o r d e r s  i n  th e  ground  s t a t e  have  low  v a l u e s .  T hese  
v a lu e s  may h av e  b een  a r t i f i c i a l l y : l o w e r e d - b e c a u s e  :ofbthe.s lp n g  
bond d i s t a n c e s  programmed i n t o  th e  c a l c u l a t i o n .  I t  i s  w o r th  
n o t in g  t h a t  t h e s e  bond o r d e r s  a r e  s i g n i f i c a n t l y  h ig h e r  i n  th e  
e x c i t e d  s t a t e s  c o n s id e re d  i n  T a b le  XXXV. The 1 -1 0  and 11-16  
bond o r d e r s  a r e  a l s o  lo w e r th a n  th o s e  t h a t  w ould  b e  e x p e c te d  
f o r  m o n o - s u b s t i tu te d  n a p h th a le n e s  and b e n z e n e s .  T h is  co u ld  
be i n t e r p r e t e d  t o  be an  a t te m p t  t o  d i s t r i b u t e  e l e c t r o n i c  c h a rg e  
a b o u t th e  fou r-m em bered  r i n g .  N o ta b ly  th e  1 -1 0  bond o r d e r  i s  
lo w e r th a n  t h a t  o f  th e  3 -8  bond , w h ich  i s  n o rm a l ly  low f o r  
n a p h th a le n e .
I n  T a b le  XXXV th e  t h e o r e t i c a l  v a lu e s  a r e  g iv e n  f o r
t r a n s i t i o n  e n e r g i e s ,  o s c i l l a t o r  s t r e n g t h s ,  t r a n s i t i o n  m om ents,
t r a n s i t i o n  p o l a r i z a t i o n s  and  d ip o le  mom ents f o r  th e  lo w e s t
e n e rg y  s i n g l e t  t r a n s i t i o n s .  W ith  th e  e x c e p t io n  o f  one f o r b id d e n  
13t r a n s i t i o n ,  , th e  t r a n s i t i o n  p o l a r i z a t i o n s  a r e  v e ry  p u re  e i t h e r  o
s h o r t - a x i s  o r  l o n g - a x i s .  The d ip o le  moments i n  th e  e x c i t e d
s t a t e s  f o r  a l l  a llo w e d  t r a n s i t i o n s  a r e  low en o u g h  to  be c o n s i s t e n t
w i th  p r e s e n t  th e o r i e s *  The lo w e s t e n e rg y  t r a n s i t i o n ,  -+
1 1i s  a n  A -♦ Lg ty p e  t r a n s i t i o n  and  i s  p r e d ic te d  t o  o c c u r  a t
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TABLE XXXIV
2 , 3 -B e n z b ip h e n y le n e  Bond O rd e rs
S t a t e s
Bond So h a \
1 - 2 .7 6 4 .6 4 0 .6 1 1 .6 0 7
1 -1 0 .4 8 9 .2 6 0 .4 3 7 .4 3 4
1-16 .2 3 9 .4 9 0 .3 6 3 .3 6 9
2 -3 .4 9 6 .5 8 8 .5 3 7 .5 4 2
3 -4 .5 6 2 .527 .5 4 4 .5 4 4
3 -8 .5 5 2 .4 2 3 .4 6 8 .4 8 7
4 -5 .7 3 4 .7 4 8 .6 4 5 .6 4 6
5 -6 .6 0 4 .5 3 1 .6 1 5 .6 2 1
6-7 .7 3 4 .7 4 8 .6 4 5 .6 4 6
7 -8 .5 6 2 .5 2 7 .5 4 4 .5 4 4
8-9 .4 9 6 .5 8 8 .537 .5 4 2
9 -1 0 .7 6 4 .6 4 0 .6 1 1 .6 0 7
1 0 -1 1 .2 3 9 .4 9 1 363 .3 6 9
1 1 -1 2 .6 6 8 .5 8 0 .6 2 2 .6 2 1
11-16 .5 8 2 .3 0 5 .4 5 0 .4 4 5
12-13 .6 3 6 .7 1 1 .6 3 8 .6 4 1
1 3 -1 4 .6 8 5 .5 1 3 .6 1 6 .6 1 6
14-15 .6 3 6 .711 .6 3 8 .6 4 1
15-16 .6 7 8 .5 8 1 .6 2 2 .6 2 1
TABLE XXXV
2 , 3-B enzb iphenylene S in g le t  T r a n s it io n s
T r a n s i t i o n
P l a t t SCE-MO Group ev -1cm
XA 1,-* La ♦J V A2 3 .3 2 5 8 26 ,8 2 6
JA C V B1 3 .4 6 1 5 27 ,9 2 0
*u V B1 4 .4049 35 ,5 3 0
♦J2 V A2 6 .1 9 7 2 49 ,987
+83 V B1 • 5 .3 9 4 4 43 ,511
l A - \ ♦J V A2 4 .6 0 1 3 3 7 ,1 1 4
1a -* 1Ba 7 V B1 4 .4 9 2 6 36,237
*11
*7 V B1 5 .7 2 0 2 46 ,139
*12
*7 V A2 5.9755 4 8 ,1 9 8
*13
y7 V B1 6 .5268 52 ,645
XA °b *6 V A2 5.9929 48 ,339
*6° V B1 5 .7547 46 ,417
t 95 XB -1 A2 6k0321 4 8 ,6 5 5
*io
*4 B1 6 .3177 50 ,9 5 8
E nergy
1 F M T ra n s .  P o l D.M.
3728 0 .0 1 0 0 .181 z 1 .865
3582 X 0 .941
2814 X 5 .5 9 3
2001 0 .5 8 6 1 .039 z 7 .409
2298 m ixed 5 .720
2694 2 .920 2 .6 9 2 X 1 .6 8 6
2760 0 .1 1 6 0 .5 4 4 z 3 .129
2167 0 .0 0 2 0 .0 6 5 z 5 .2 9 4
2075 X 2 .8 8 4
1900 0 .5 2 4 0 .9 5 8 z 0 .7 1 3
2067 0 .1 9 0 0 .6 0 3 X 3 .1 6 9
2154 z 7 .3 8 6
2055 z 0 .3 3 4
1962 z 8 .0 9 5
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-1  1 1 2 6 ,8 3 0  cm .  The fo r b id d e n  lo n g - a x i s  p o l a r i z e d  A -*
1 1  -1  t r a n s i t i o n ,  -» i s  p r e d i c t e d  t o  o c c u r  a t  2 7 ,9 2 0  cm .
A n o th e r  l o n g - a x i s  p o la r i z e d  f o r b id d e n  t r a n s i t i o n  i s  p r e d ic t e d
t o  o c c u r  a t  3 5 ,5 3 0  cm An a llo w e d  t r a n s i t i o n  ^A -» ^Bg ,
( ^ 2  w h ich  i s  s h o r t - a x i s  p o l a r i z e d  i s  p r e d i c t e d  a t
3 6 ,2 4 0  cm"*'. The ^A -*■ ^B^ t r a n s i t i o n  -* w h ic h  w as f i t
w i th  e x p e r im e n t i s  p r e d i c t e d  t o  o c c u r  a t  3 7 ,1 1 5  cm T h ree
o th e r  e x p e r im e n ta l ly  i n t e r e s t i n g  a l lo w e d  t r a n s i t i o n s  a r e  
11 1 1p r e d i c t e d ; th e  ijr , ( A2 -*■ B^) w h ic h  i s  s l i g h t l y  a llo w e d  i s
- 1  9 1 1p r e d i c t e d  a t  4 6 ,1 4 0  cm , th e  ^  ( A2 -* A2 ) w h ich  i s  m ore
-1  12 1 1 s t r o n g l y  a llo w e d  i s  p r e d ic te d  a t  4 8 ,3 4 0  cm and  th e  i]>g (  B^ -» A2 )
-1
w h ich  i s  s t r o n g ly  a llo w e d  a t  5 0 ,0 0 0  cm .
The a g re e m e n t o f  t h e o r e t i c a l  p r e d i c t i o n s  w i th
e x p e r im e n ta l  m easu rem en ts  a l th o u g h  g e n e r a l l y  s a t i s f a c t o r y ,  i s
n o t  n e a r l y  a s  good a s  m ig h t be d e s i r e d .  The lo w e s t e n e rg y
1 1t r a n s i t i o n ,  a l th o u g h  th e  A -» B^ e n e rg y  was f i t  i n t o  th e
-1
c a l c u l a t i o n ,  re m a in s  990 cm to  th e  b lu e  o f  th e  e x p e r im e n ta l
v a l u e .  From  th e  e x t i n c t i o n  c o e f f i c i e n t  o f  t h i s  t r a n s i t i o n  and
from  i t s  g e n e r a l  band  c o n to u r  t h e r e  i s  l i t t l e  d o u b t t h a t  th e
1 1lo w e s t e n e rg y  t r a n s i t i o n  i s  th e  A -♦ Lg . I t  i s  u n f o r tu n a t e  t h a t  
a  good a b s o r p t io n  sp e c tru m  c o u ld  n o t  be o b ta in e d  a t  77°K . From
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t h e  am ount o f  r e s o l u t i o n  a t  room  te m p e ra tu re  i t  i s  l i k e l y  t h a t
1 1t h e  d i s t u r b i n g  in f l u e n c e  o f  t h e  A -* t r a n s i t i o n  c o u ld  b e
o b se rv e d  i n  t h i s  s p e c tru m . E x p e r im e n ta l  a s s ig n m e n t o f  th e  o n s e t  
1 1o f  th e  A -* t r a n s i t i o n  re m a in s  im p o s s ib le .  The f lu o r e s c e n c e
p o l a r i z a t i o n  c u rv e , shown in  th e  e x p e r im e n ta l  s e c t i o n  a s  F ig u r e  23
i n d i c a t e s  t h a t  th e  p o l a r i z a t i o n  re m a in s  p o s i t i v e  and r a t h e r  f l a t
i n  th e  e n t i r e  r e g io n  from  3250 -3 9 0 0 2 . T h is  i s  e a s i l y  j u s t i f i a b l e
b e c a u se  th e  e x t i n c t i o n  o f  t h e  ^A -» r e l a t i v e  t o  th e  ^A -»
i s  on th e  o r d e r  o f  1 :5 0  and th e  lo n g  a x i s  in f lu e n c e  due t o  th e  
1 1A -* t r a n s i t i o n  w ould  be v e r y  s l i g h t .  B e g in n in g  a t  a b o u t
3250.2 (3 0 ,7 7 0  cm th e  p o l a r i z a t i o n  c u rv e  d ip s  s h a r p ly  and
becom es n e g a t iv e  fro m  a b o u t 3 0 5 0 -3 1 7 0 2 . T here  a r e  two p o s s i b l e
e x p la n a t io n s  f o r  t h i s  o b s e r v a t io n .  U n d e r ly in g  b o th ,  o f  c o u r s e ,
i s  th e  f a c t  t h a t  t h e r e  m ust b e  a  t r a n s i t i o n  w h ic h  i s  lo n g - a x i s
p o la r i z e d  w h ich  i s  m ost s t r o n g l y  a b s o r b in g  in  t h i s  r e g io n .
1 1One e x p la n a t io n  w ould  be t h a t  th e  e x t i n c t i o n  o f  th e  A -»
t r a n s i t i o n  h a s  become s t r o n g e r  th a n  th e  w eak en in g  v i b r a t i o n a l
1 1p r o g r e s s io n s  o f  th e  A -* L t r a n s i t i o n  and t h a t  t h i s  t r a n s i t i o nSL
p re d o m in a te s  i n  th e  s p e c tru m . Some c re d e n c e  i s  l e n t  t o  t h i s  
t h e o r y  b e c a u se  t h i s  i s  th e  g e n e r a l  r e g io n  i n  w h ich  one w ould 
e x p e c t  a  n a p h th a le n e - ty p e  ^A -+ t r a n s i t i o n .  H ow ever, i t  w i l l
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be r e c a l l e d  t h a t  th e  -» t r a n s i t i o n  was p r e d ic te d  t o  b e g in
a t  3580$ and t h i s  r e g io n  i s  r a t h e r  f a r  removed from  th e  r e g io n
1 1o f  n e g a t iv e  p o l a r i z a t i o n .  The s h o r t - a x i s  p o la r i z e d  A -* B ,
i |r ^ ,  t r a n s i t i o n  m ust be f i t  t o  th e  e x p e r im e n ta l ly  o b se rv e d
t r a n s i t i o n  w h ic h  b e g in s  a t  2971$ (3 3 ,6 6 0  cm"*'*'). I f  th e
t r a n s i t i o n  i s  s h i f t e d  re d  th e  same am ount a s  i t  w as n e c e s s a ry
t o  s h i f t  th e  t r a n s i t i o n  t o  f i t  e x p e r im e n t ,  th e n  th e  lo n g
a x i s  p o la r i z e d  fg'*' t r a n s i t i o n  i s  i n  th e  e x a c t  r e g io n  w h ich  g iv e s
r i s e  t o  th e  n e g a t iv e  p o l a r i z a t i o n .  The a b r u p t  change i n  th e
p o l a r i z a t i o n  c u rv e  s u g g e s ts  th e  o n s e t  o f  an  o p p o s i t e ly  p o la r i z e d
t r a n s i t i o n  r a t h e r  th a n  th e  g r a d u a l  change from  dom inance by one
t r a n s i t i o n  o v e r  a n o th e r  a s  was r e q u i r e d  i n  th e  p re v io u s
e x p la n a t io n .  I t  re m a in s  a  m y s te ry  why th e  ^ ^ a n d  tyg'*’ t r a n s i t i o n s
w ere p r e d ic te d  to  be so b lu e  o f  t h e i r  e x p e r im e n ta l  c o u n te r p a r t s
when th e  r e s t  o f  th e  t r a n s i t i o n s  w ere in  much b e t t e r  a g re e m e n t.
1 1The A -» B, t r a n s i t i o n  was fo r c e d  to  f i t  th e  e x p e r im e n ts .  The b
o n ly  c l a r i f i c a t i o n  w h ich  m ust be made i s  t h a t  o f  th e  p o l a r i z a t i o n  
sp e c tru m . The e x p e r im e n ta l  p o in t s  a t  w a v e le n g th s  s h o r t e r  th a n  
2800$ a r e  much l e s s  r e l i a b l e  th a n  th o s e  a t  lo n g e r  w a v e le n g th s .
The s l i t s  on th e  e x c i t i n g  m onochrom ator w ere  much l a r g e r ,  th e  
P o la ro id  s h e e t  used  a b s o rb s  s t r o n g ly  i n  t h i s  r e g io n  and th e
e m is s io n  l i g h t  i n t e n s i t y  from  th e  sam ple i s  much s m a lle r^  I f  
th e  p r e s e n t  i n t e r p r e t a t i o n s  a r e  ta k e n  t o  b e  c o r r e c t  th e  
p o l a r i z a t i o n  c u rv e  a t  2650 and  2700& m u st n o t  o n ly  be  i n c o r r e c t  
q u a l i t a t i v e l y  b u t  m u st a l s o  be  i n c o r r e c t  i n  s ig n .  T hese  
c o n c lu s io n s  a r e  n o t  im p o s s ib le  t o  a c c e p t  b e c a u se  i n  a d d i t i o n  
to  th e  above  m e n tio n e d  f a c t o r s  i t  i s  a  known c h a r a c t e r i s t i c  o f  
t h i s  m onochrom ato r t h a t  a t  s h o r t  w a v e le n g th s  w i th  w ide s l i t s  
a  c o n s id e r a b le  am ount o f  s c a t t e r e d  l i g h t  o f  lo n g e r  w a v e le n g th s  
i s  p a s s e d .  T h e o r e t i c a l l y  t h r e e  f u r t h e r  t r a n s i t i o n s  o f  
c o n s id e r a b le  i n t e n s i t y  a r e  p r e d i c t e d .  A l l  o f  th e s e  l i e  i n  th e  
2000-2200&  r e g io n  and  p ro b a b ly  c o n t r i b u t e  t o  t h e  o b se rv e d  
a b s o r p t i o n  i n  t h i s  r e g io n  w h ic h  h a s  a maximum a t  a b o u t 2070&
(4 8 ,3 1 0  cm *"). I n  T a b le  XXXVI a  co m p ariso n  i s  made b e tw een
th e  t h e o r e t i c a l  and  e x p e r im e n ta l  t r a n s i t i o n  e n e r g i e s .
The f i r s t  t h r e e  t r i p l e t  s t a t e s  f o r  2 ,3 -b e n z b ip h e n y le n e
3 3 3a r e  p r e d i c t e d  t o  be  th e  L a n d  i n  o r d e r  o f  a s c e n d in g  
e n e rg y .  The A L t r a n s i t i o n  i s  p r e d ic te d  a t  6752& o r  
1 4 ,8 1 0  cm *■. Even a l lo w in g  f o r  p o o r a g re e m e n t b e tw een  e x p e r im e n t 
and th e o r y  no e m is s io n  was fo u n d  in  t h i s  g e n e r a l  r e g io n .  I t  i s  
th o u g h t  t h a t  th e  e m is s io n  d e p ic te d  i n  F ig u r e  25 and d is c u s s e d  in  
th e  e x p e r im e n ta l  s e c t i o n  w h ich  a r i s e s  fro m  a d i s s o c i a t i v e  s t a t e
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TABLE XXXVI
C om parison  o f  E x p e r im e n ta l  and T h e o r e t i c a l
2 , 3 -B e n z b ip h e n y le n e  T r a n s i t i o n  E n e rg ie s
T r a n s i t i o n  E n erg y  cm ^
P l a t t  SCF-MO G roup T h eo ry  T h e o r e t i c a l  E x p e r im e n ta l
TA -* La V Bi —¥ A2 2 6 ,8 3 0 2 5 ,840a
A Lfa <i° 1b1 —+ B1 2 7 ,9 2 0 ?
C-«t<
H
u11
*8 \ B1 3 5 ,5 3 0 3 1 ,550b
A -» Ba \ B1 3 6 ,2 4 0 3 3 ,660a
1 A K
b *7 \ A2 3 7 ,1 1 4 3 7 ,0 1 0 a
\ —► A2 4 8 ,3 3 9 4 8 ,3 1 0 °
^8 2 \ —♦ A2 5 0 ,0 0 0 ?
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a -  ta k e n  from  a b s o r p t i o n  sp e c tru m  a t  77°K i n  3-MP s o l u t i o n
b -  p o s tu l a t e d  fro m  f lu o r e s c e n c e  p o l a r i z a t i o n  sp e c tru m
c -  Taken from  a b s o r p t i o n  s p e c tru m  a t  room  te m p e ra tu re  i n  3-MP 
s o lu t i o n
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e m p tie s  th e  t r i p l e t  s t a t e  so  e f f i c i e n t l y  t h a t  e s s e n t i a l l y  no 
m o le c u la r  p h o sp h o re sc e n c e  o c c u r s .
A summary o f  o b s e r v a t io n s  made on th e  2 ,3 - b e n z b i ­
p h e n y le n e  m o le c u le  fo l lo w s :
1 . A v e ry  s t r u c t u r e d  f lu o r e s c e n c e  w as m easured  
w h ich  showed th e  e x p e c te d  sym m etry r e l a t i o n s h i p  w i th  th e  
a b s o r p t io n  sp e c tru m ;
2 . The a b s o r p t io n  s p e c t r a  o f  2 ,3 -b e n z b ip h e n y le n e  
in d i c a te d  t h a t  th e  lo w e s t e n e rg y  t r a n s i t i o n  i s  n o t  t y p i c a l  o f  
a  lo n g - a x i s  s u b s t i t u t e d  n a p h th a le n e :m o le c u le ;
3 . A d e la y e d  e m is s io n  was m easured  in  th e  same 
r e g io n  a s  th e  f lu o r e s c e n c e .  T h is  e m is s io n  w as a t t r i b u t e d  to
a  p h o to c h e m ic a l d e c o m p o s itio n  p ro d u c t  w h ich  had to  be p rod u ced  
r e v e r s i b l y ;
4 .  HO c a l c u l a t i o n s  w ere  made.
( a )  In  o r d e r  to  o b ta in  an  e x p e r im e n ta l  f i t ,  (3 
v a lu e s  be tw een  six -m em bered  r i n g s  had to  
ta k e  th e  same v a lu e  a s  th o s e  w i th i n  th e  
r i n g s .
(b ) E l e c t r o n i c  d i s t r i b u t i o n s  and bond o rd e r s  
i n d i c a t e  t h a t  a l l  e l e c t r o n i c  t r a n s i t i o n s  
w ere t y p i c a l  o f  w hole m o le c u le  t r a n s i t i o n s .
( c )  T h e o r e t i c a l l y  2 ,3 -b e n z b ip h e n y le n e  i s  a  f u l l y
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a l t e r n a t e ,  f u l l y  a ro m a tic  m o le c u le  c o n ta in in g  
a four-m em bered  r i n g  w h ich  i s  e s s e n t i a l l y  a 
c y c lo b u ta d ie n e  r i n g .
The PFP ty p e  c a l c u l a t i o n  a s  p e rfo rm ed  on 2 ,3 -b e n z ­
b ip h e n y le n e  g ave  r e s u l t s  w h ich  w e re  i n  p o o re r  a g ree m en t w i th  
e x p e r im e n t th a n  t h a t  u s u a l l y  e x p e c te d  f o r  c a l c u l a t i o n s  on 
a l t e r n a t e  h y d ro c a rb o n s  b u t  w ere  i n  s i g n i f i c a n t l y  b e t t e r  
a g re e m e n t th a n  th e  b e s t  c a l c u l a t i o n s  done to  d a te  on n o n a l t e r n a t e  
h y d ro c a rb o n s  su c h  a s  a z u le n e .  The c a l c u l a t i o n  w as s u f f i c i e n t l y  
good so t& a t th e  lo w e s t e n e rg y  t i f e n s i t i o n  co u ld  b e  u n am biguously  
a s s ig n e d  and s e v e r a l  h ig h e r  e n e rg y  t r a n s i t i o n s  c o u ld  be t e n t a t i v e l y  
a s s ig n e d .
The f i t  o b ta in e d  be tw een  e x p e r im e n t and th e o ry  f o r
2 .3 -b e n z b ip h e n y le n e  i n d i c a t e s  to  th e  a u th o r  t h a t  t h e o r e t i c a l l y  
th e  w h o le -m o le c u le  a ro m a tic  c h a r a c t e r  h a s  b een  s l i g h t l y  o v e r ­
e s t im a te d  i n  th e  c a l c u l a t i o n .  H owever, even  a l lo w in g  f o r  t h i s  
o v e r e s t i r a a t i o n ,  one m ust c o n c lu d e  t h a t  a ro m a tic  c h a r a c te r  
e x te n d s ,  to  a  l a r g e  e x t e n t ,  o v e r  th e  w ho le  m o le c u le .  No lo n g e r  
can  th e  bonds be tw een  th e  p h e n y l and n a p h th y l r i n g s  be c o n s id e re d  
t o  b e  c a rb o n -c a rb o n  s in g le  b o n d s . T h e o r e t i c a l l y  and e x p e r im e n ta l ly
2 .3 -b e n z b ip h e n y le n e  c an n o t be c l a s s i f i e d  a s  a c o m p o site  m o le c u le  
a s  d e f in e d  e a r l y  i n  t h i s  w ork .
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VITA
Jim m ie Reed McDonald w as b o rn  A ugust 20 , 1942 in  
A u s t in ,  T e x a s . He a t te n d e d  g ra d e  s c h o o l i n  Jo n a h , T exas and 
g r a d u a te d  from  G eorgetow n H igh S choo l i n  G eorgetow n , T exas In  
19 6 0 . He a t te n d e d  S o u th w e s te rn  U n iv e r s i t y  in  G eorgetow n , T ex as 
fro m  1960 t o  1964 fro m  w h ich  he r e c e iv e d  h i s  B a c h e lo r  o f  S c ie n c e  
d e g re e  in  1964. I n  1964 he e n te r e d  th e  g r a d u a te  S ch o o l o f 
th e  L o u is ia n a  S ta t e  U n iv e r s i t y  i n  B a to n  Rouge, L o u is ia n a  w here 
h e  i s  now a  c a n d id a te  f o r  th e  d e g re e  o f  D o c to r  o f  P h ilo s o p h y .
He m a rr ie d  L y n e t te  C o r n i t iu s  in  1963 and h a s  two 
c h i l d r e n ,  Anna M arie  and Jim m ie R eed, J r .  b o rn  i n  1967 .
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